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FOREWORD

De to liitations of tim and personnel, a comprehensive evaluation of
the LSO Reverse Display (LSORD) portion of device 2r103 va not completed.
Znstead thin report provides results and interpreatations of auesionnaire
data from LSO's ezposd to the L8O as a way to define its training diarac-
teristics. There axe appendices in this report vhich make it a valuable hand-
book for evaluation of the LSOD. A proposed syllabus for phase 1 and phase
III LS training in included alonq vith an annotated bibliography of LO
articles and reports. This report can serve as a reference, therefore, for
the Navy's decision on bow to proceed vith LSO trainn devices.

Scientific Officer
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The authors are indebted to many people within the Navy's 1.80 comunity
vho have contributed to this research effort. Of particular note is the ef-
fort of LT Don Bullard (V-122, KW Lemoore) whoe inputs had a signUicant
influence on all aspects of the study results resented in this report. With-
out his knowledge of the LO Reverse Display and exercise of the device in LB0
training, this report would have very Limited orientation to the user (LBO)
commnity. His influence upon the syllabus developmat effort was especially
noteworthy. LCDR B1 Gruver (OZNC* LSO Phase I School) provided outstanding
coordination of study interaction within the LO community, as did his suces-
sor, LCDR Jerry Sinqgleton. LT "Barney" RIbel (CW-7, A.S Cecil Field) was
also very instrumental in supporting the on-site observation of LB80 training
in the LSO Reverse Display.
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SECTION I

INTRODUCTION

Recently the Navy procured the Landing Signal Officer Reverse Display
(LSORD), a Landing Signal Officer (LS0) training station which is a part of
the A17 Night Carrier Landing Trainer (Device 27103). Since there wea signif-
icant LSO involvement in its development and initial testing, there was a high
level of confidence in its value to LO training. noever, confirmation of
its training effectiveness in the field was desired. Afdttionally, the Naval
Training Equipment Center (NAVTRQUIPCN) saw the field evaluation of this
device as an opportunity for continued research into LBO training system re-
quirements. Thus, these to factors provided the impetus for the study which
is the topic of this report.

The results of this study confirm that the LSO Reverse Display is a valu-
able addition to the LSO training program. The highlights of the device are
simulation of pitching deck conditions, provisions for LO talkdown, and use
of the Manually Operated Visual Landing Aid System (NOVLAS), three aspects of
the LSO job which are inadequately addressed in the existing training program.
This report also provides several recomendations for improving the effective-
ness of the device through modification and through guidance for its Utiliza-
tion. The results of this study also have provided saw insight iato require-
ments for a more sophisticated L8O training system.

Subsequent sections of this report describe study objectives, the device
itself, and study activities, as well as the findings and recommendations re-
sulting from study activities. Several appendices are also included to pro-
vide amplification of study results, foremost of which are syllabi for utili-
zation of the LS0 Reverse Display in Phase 1I and III LS training.

7

L w o- . J



NAVTRAEQUIPCEN 79-C-0 101-2

SECTION II

OBJECTIVES

Procurement of the LSO Reverse Display was considered a significant step
toward improving LSO training. Its capabilities to simulate the LSO "waving"
environment and allow LSO/pilot interaction for night carrier landing situa-
tions showed great potential for enhancing LSO skill acquisition. It was en-
visioned as a vehicle for instructionally controlled exposure and experience
with many complexities of the LSO job such as MOVLAS, pitching deck and poor
weather conditions. Its utilization was seen as being analogous to the
employment of flight simulators to support pilot training. The need to
confirm these expectations was recognized by NAVTRAEQUIPCEN and influenced the
initiation of this study.

Additionally, there has been extensive research by the NAVTRAEQUIPCEN
into LSO training requirements and training system concepts over the past
several years. References to reports resulting from those efforts appear
frequently in this report. This research has been oriented toward the
specification of an LSO training system (or systems) which can accelerate the
acquisition of LSO skills, and thus increase the number of skilled LSOs
available to support fleet operations. Prior to procurement of the LSORD,
studies of LSO interaction with training systems had been restricted to the
laboratory environment. The LSORD thus provided NAVTRAEQUIPCEN with a
valuable opportunity to investigate automated, interactive LSO training system
concepts in an operational environment as a part of this study.

In view of these factors several objectives were established for this
project:

a. Assess the effectiveness of the LSORD in its support of LSO training.

b. Identify potential enhancements to the LSORD.

c. Compare LSORD training efffectiveness to other device and method

alternatives.

d. Delineate guidance for effective utilization of the LSORD in terms of

syllabus and instructor functions.

e. Revise prior estimates by Hooks and others (1978)1 of capabilities

needed in an LSO training system as substantiated by study results.

Several major activities were planned to support these objectives. The

first was a comprehensive literature search concerning the LSO and training
system evaluation. Then several concurrent activities were planned, including
a limited transfer of training study, survey of the LSO community and

1. Hooks, J.T., Butler, E.A., Gullen, R.A. and Petersen, R.J., Design Study
for an Auto-Adaptive Landing Signal Officer (LSO) Training System, Technical
Report, NAVTHAEQUIPCEN 77-C-0109-1, Naval Training Equipment Center, 1978.
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observation of LSORD training operations. Following these, syllabi were to be
developed for LSORD employment within Phase II and Phase III LSO training.
Later in the report, study activities are described in detail.

11
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9='T~uS III

THE LSO REVERSE DISPLAY

As explained earlier, the LSO Reverse Display (LSORD) is an LSO training

station which has been added to the A7E Night Carrier Landing Trainer (NCLT),

Device 2F103. The device is installed at two Navy sites, NAS Lemoore,

California, and NAS Cecil Field, Jacksonville, Florida. Figure 1 depicts the

general layout of the 2F103 complex.

The LSO training station is a light-proof and sound-proof enclosure which

houses a two-cathode ray tube (CRT) visual system, an LSO instrument console,

normal LSO workstation control items and control units for training station

operation. Figure 2 is a cutaway view of the student station. There is an

instructor station which serves both the LSORD and the NCLT. The instructor

console contains a single CRT for viewing both the LSO and pilot approach

scenes and controls for operating the LSORD. Table 1 provides a functional

listing of LSORD features. The following paragraphs provide an overview
description of the device and its operation.

From the LSO training station (fondly called the "igloo"), the trainee
can "wave" simulated night carrier approaches "flown" by the pilot in the
NCLT. The LSO view is provided by two CRTs covering approximately an 80 de-
gree field of view of the carrier deck and horizon. Figure 3, from Lacy and
Meshier (1979)2, depicts a portion of the LSO view including the A7 aircraft
image. The wall of the training station enclosure has an extended horizon
line which matches that portrayed on the CRTs. The view of an approaching
aircraft is maintained within the CRTs throughout the approach (including
touchdown and bolter) by a computer driven "scene rotation" process. The vis-
ual system can depict carrier deck motion. As the aircraft approaches the
carrier, an outline of the aircraft shape gradually appears on the display.
Engine sound, as heard from the LSO platform, is provided and is correlated to
range and to the pilot's throttle positioning. Background carrier deck noises
are also available. For task interaction the trainee has the normal LSO con-
trol instruments: radio handset, Manually Operated Visual Landing Aid System
(MOVLAS) and "pickle." For instructional interaction there are several ele-
ments displayable to the trainee. There is a green crosshair depicting opti-
mum glideslope and lineup, and a red crosshair during rerun showing MOVLAS
positioning. Alphanumerics which delineate approach results are available.
During rerun, graphic plots of aircraft approach dynamics are available. The
trainee has communications with the NCLT pilot and the instructor console,
through the radio handset and loudspeaker located in the enclosure. Inside
the enclosure are controls for operating several of the LSORD features.

2. J. W. Lacy and C. W. Meshier, Development of a Landing Signal Officer
Trainer, Proceedings First Interservice/Industry Training Equipment
Conference, NAVTRAEQUIPCEN IH-316, 1979, 79-80.
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TABLE 1. LSO RWERSE DISPLAY FEATURES

Student Station (0igloo")
Environmental Conditions:
- Carrier approach background scene - deck outline, horizon, plane guard

destroyer, deck status light, sky/stars, deck motion, scene rotation
- A7 visual simulation - exterior lighting, approach lights, outline
- LSO instrument console - hook to ramp indicator, lens roll and basic
angle indicators, wind speed and direftion indicator, NOVLAS repeater

- Audio simulation - aircraft engine, deck sounds
LSO Controls:
- "pickleo
- radio handset
- MOYLAS control unit
Feedback and Instructional Data:
- Crosshair for optim glideslope and MOVLAS positioning
- Freeze indication
- Approach results data ("MONITOR") - wire, hook to ramp distance, lineup

on touchdown, sink rate on touchdown, aircraft roll angle on touchdown,
aircraft pitch angle on touchdown

- Approach dynamics plot ("SCORE") - pitch, fuel flow, lineup, sink rate,
roll, AOA

- Cormunications with instructor
System Operation Functions (at student station):
- LSO eye position adjustments
- Cronshair selection
- MOVLAS selection
- Operate/reset for approach initiation
- Selection and store/replay for canned approaches
- Freeze selection
- Aircraft engine and dsck sound volume
- Comeanications volume
- LSO Instrumerit console lighting intensity adjustment
- Approach rerun and ti segment selection
- Horizon (peripheral) and stars intensity adjustments
- Red and white lighting intensity selection

Instructor Station
Situation and Performance Monitor:
- Console CRT - LSO view, pilot view, crosshair display, pilot HUD, CCA
positioning data

- Student feature selection monitor - crosshair, MOVLAS, canned approach
- Coumnications - Lso, pilot
- Aircraft performance - aircraft instruments
Situation Setup and Interaction:
- Aircraft and pilot conditions

aircraft lighting malfunctions (console)
aircraft malfunctions (console)
aircraft configuration variation (through pilot)
planned deviations (through pilot)

14
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TABLZE I. LBO WZRSZ DISPLAY frATURES (cont.)

- Environmental conditions
deck motion (console)
vind speed and direction (console)
horizon definition (terminal)
plane guard destroyer (terminal)
ceiling and visibility (console)
carrier dock selection (console and terminal)

- landing aids
FLOLS malfunction (console)
NOVYLA (console)
glideslope angle (terminal)

- Operational factors
foul dock (console)
low fuel state (console)
pIlot/SO comLunications problems (console)

- Instructional functions:
freeze (console)
crosshair (console)
canned approach (console)

Debrief:
- Rerun (console)
- Approach results data, "MOIToR" (console)
- Approach dynamics plots, PSCORZ (console)
- Crosshair (console)
- MIOVLAU. crosshair in rerun (console)
- X-Y plotter (console)
- Pilot ;NS (terminal, line printer)
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The instructor station at the mCLT console has several means for monitor-

ing an LBO training session including an option for viewing either the L80 or
pilot scene. For setup and control of a training situation, he has many
options available, some controllable on the console, some through the computer
system terminal and some through ccmniating vith the pilot for planned
approach deviations. Among his most significant instructional and debrief
functions are freeze, approach rerun and control of data to be displayed to
the trainee. For "pilotless* L8O training there are ten canned approaches
available.

1
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SECTION IV

ACTIVITIES

Several activities were involved in this study of the LSO Re-verse Display
(LSORD). The two major efforts were survey of LSOs familiar with the-device
and observation of training sessions which employed the device. From these
two activities came most of the findings regarding the LSORD. Table 2 pre-
sents a listing of meetings and on-site visits which supported interaction
with the LSO comnunity. Other activities which were a part of this study
included a literature review, development of syllabi for device utilization
and the development of a long-term LSORD utilization data collection plan.
Originally, a transfer of training study was planned. However, limited LSO
availability and the resultant low LSORD utilization rate precluded such a
study. Descriptions of study activities are provided below.

LITERATURE REVIEW

The literature review had two purposes. The first was to identify meth-
ods for conducting an evaluation of LSORD training effectiveness. The second
was to identify and review literature relevant to the LSO job and LSO train-
ing. Two data bases were searched during this effort: National Technical
Information Service (NTIS) and Psychological Abstracts. Key words and phrases
used in this search included: Landing Signal Officer (LSO), Automated Train-
ing, Training Evaluation, Training System Evaluation and Training Transfer.
Additionally, proceedings from the NAVTRAEQUIPCEN/Industry and Human Factors
Society conferences also were reviewed. Results of the literature review pro-
vided guidance for all study activities, especially survey and observation.
Literature reviewed is identified in the bibliography of this report. Addi-
tionally, Appendix A is an annotated bibliography of literature relating to
the LSO.

SURVEY

Survey of the LSO community was directed toward LSOs who were familiar
with the LSORD. Only a few LSOs surveyed had extensive experience in using
the device for LSO training. The survey activity included distribution of a
questionnaire as well as discussions and interviews with LSOs. Completed
questionnaires were received from 20 LSOs, only three of whom had any signifi-
cant experience with the LSORD. Most of the respondents were exposed briefly
to the LSORD at an LSO conference. Discussion and interview occurred fre-
quently throughout the study and was used to focus on specific features of the
device, utilization techniques and syllabus considerations. The questionnaire
results provided direction for investigation of specific aspects of the device
during discussion and interview. Questionnaire results are described in de-
tail in Appendix B. A copy of the questionnaire is presented in Appendix C.

Twenty questionnaires were completed by LSOs who had been exposed to the
LSORD. Most were highly experienced LSOs, but only three had any significant
experience working with the device. The device was rated very high for its
overall potential value to LSO training (4.20 on a I - 5 scale), even though
its zatings for simulation realism were rated only fair. The results also

17
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TABLE 2. MEETINGS AND ON-SITE VISITS

Dates Location Purpose

July 79 NAS Lemoore Familiarization with LSORD

August NAS Lemoore Project Kickoff Meeting;

LSORD Familiarization

September NAS Miramar AIRPAC LSO Conference

October NAS Cecil Field AIRLANT LSO Conference;

LSORD Data Collection

October NAS Lemoore Observation (Two visits)

November HAS Miramar Discussion of LSO Training

December NAS Cecil FielO. Observation

January 80 NAS Cecil Field Interim Meeting

March NAS Cecil Field Observation, Discussion

April NAS Lemoore Observation, Discussion

May NAS Corpus Christi, Observation, Syllabus

NAS Cecil Field Discussion

18
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suggest that the device is very appropriate to Phase II, Phase III and
refresher LSO training. Pitching deck, MOVLAS and "pickle time" were most
frequently noted as valuable training capabilities. The most notable needs
for Improvement were perceptual quality of the simulation "in close" and "at
the ramp". Ratings also were obtained for many candidate LSO performance
measures. "Correctness and timeliness of LSO calls" had the highest rating
(4.90 on a I - 5 scale).

OBSERVATION

On-site observation of LSO Reverse Display operation involved several
visits to both NAS Lemoore and NAS Cecil Field. The first few visits were
oriented to familiarization with the features and operation of the system.
The remaining were oriented to observing specific operating characteristics
and to observing system operation in a training context. At NAS Lemoore
Phase II training was being conducted. Phase III training was being con-
ducted during one visit to NAS Cecil Field. The trainees involved with the
LSO Reverse Display had entry levels varying from very inexperienced, to
Squadron qualification with night shipboard waving experience. All trainees
were from the A7 community except one, who was from the S3 comunity. Two
different LSO instructors were involved. One was from the A7 Fleet Readiness
squadron, the other was an Air Wing LSO. Both instructors were very highly
skilled LSOs and demonstrated a high degree of motivation and conscientious-
ness in their instructional duties.

The observation effort also included frequent interrogation of LSO in-
structors and trainees concerning their impressions of various features, in-
structor techniques, instructional strategies and conduct of tralning ses-
sions. Information gathered during observation included frequency of feature
utilization, opinions of feature effectiveness, instructor techniques used,
procedures followed during training sessions, difficulties in system operation
and instructor evaluation of trainee performance.

Early in the study, several potential discrepancies were identified with
the visual simulation portion of the LSORD. As a result, increased attention
was given to this part of the device in later observation activities. Or ane
final visit to NAS Lemoore two specialists in visual perception, one of whom
having extensive experience in visual simulation requirements, spent two days
observing LSORD operation and discussing its perceptual characteristics with
experienced LSOs. The results of their evaluation of the visual simulation
are presented in Appendix D. Several aspects of the visual aystem which
received attention -nclude4: occasional color separation (convergence),
difficulties in judging lineup and glideslope "in close" and "at the ramp",
fidelity of aircraft dynamics during scene rotation, and difficulties in
judging nose attitude changes. The judgment of the evalustion team was that
some apparent perceptual projlems do exist, but they are not considered
serious enough to raise doubts about the training effectiveness of the LSORD.

SYLLABUS DEVELOPMENT

:ncluded in the requirements of this study was the development of syl-
labi to guide LSORD utilization in Phase II and Phase III LSO trai..ing. The

19
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bases for these syllabi are the training requirements specified by the LSO
Naval Air Training and Operating Procedures Standardization (NATOPS) Manual.
Phase II training prepares the LSO trainee to conduct day and night Field
Carrier Landing Practice (FCLP) operations for pilot training. Among the more
difficult LSO skills in FCLP are MOVLAS utilization, LSO talkdown and pilot
instruction. Phase III training focuses on carrier operations and prepares
the trainee for Wing LSO designation. To attain this designation the trainee
must demonstrate an ability to control a majority of air wing aircraft in day/
night, all weather and deck conditions without assistance. Among the more
difficult LSO skills in this phase are MOVLAS utilization, pitching deck
conditions and aircraft malfunctions. Since the simulation capabilities of
the LSORD are relevant to a significant portion of the LSO "waving" task,
syllabi which supplement on-the-job training were developed. The development
efforts and syllabus design rationale are described below.

The initial activity in Phase II syllabus development involved the iden-
tification of tasks associated with the conduct of FCLP. The task listing
presented in Hooks and others (1978)3, guided this effort. These tasks
were then correlated to the syllabus design rationale and the syllabus from
that report, as well as the Phase II training guidelines of LSO NATOPS. This
provided a tentative sequencing of learning activities for the syllabus. The
strategy of dividing the syllabus into two learning stages also evolved out of
this process. Separate orientations of basic waving skills and pilot refresh-
er training skills enables the trainee to acquire confidence in the perceptual
and decision-making aspects of his performance prior to concentration on fine
tuning his critique of pilot performance for instructional purposes. This
strategy also emphasizes concentrated "hands on" waving experience in the
initial stage of learning. A review of the Phase II syllabus, developed by
LT Bullard of VA-122, and the information gathered from survey and observation
activities, provided additional refinements to the sequence. It also guided
the final syllabus mix of available media (FCLP, LSO Reverse Display, lec-

ture). Thus, the recommended Phase II syllabus, Appendix E of this report,
provides standardized guidance for learning activity sequencing and the inte-
gration of various media.

The initial activity in Phase III syllabus development involved the cor-
relation of LSO carrier "waving" conditions to LSORD simulation capabilities.
This, plus the task listing and syllabus sequencing rationale presented by
Hooks and others (1978), were used to establish an initial sequence of topics
for which the LSORD would support Phase III training. Survey data and informa-
tion gathered during observation and discussion with LSOs help provide insight
into specific LSORD strengths and limitations for Phase III training. From this
data and from other studies 3,4 ,5 , global syllabus implementation factors

3. J.T. Hooks, E.A. Butler, R.A. Gullen, R.J. Petersen, Design Study for an
Auto-Adaptive LSO Training System, NAVTRAEQUIPCEN 77-C-0109-1, December 1978.

4. Borden, G.J., The Landing Signal Officer: A Problem Analysis, Vols. I, II,
Technical Report 785-1, Human Factors Research, Inc., Goleta, Calif., May
1969.

5. Breaux, R., (Ed.), LSO Training R&D Seminar Proceedings, Technical Report
IH-320, Naval Training Equipment Center, 1980.

20
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were also identified. The results of these efforts were a series of training
modules for mixing LSORD utilization with periods of shipboard on-the-job
training (OJT). The primary emphases in LSORD utilization are MOVLAS, pitch-
ing deck, LSO talkdown and aircraft malfunctions/ emergencies. Additional
LSORD features recommended for employment within the syllabus include WOD
variations, NORDO, no horizon and reduced weather conditions. Features to be
used for instructional control include freeze, crosshair, and rerun. The
modular design of the syllabus allows flexibility of scheduling LSORD utiliza-
tion within an environment of shipboard deployment variability and uncer-
tainty. The recommended Phase III LSO training syllabus is presented in
Appendix F of this report.

LSORD DATA COLLECTION PLAN

A transfer of training study was not accomplished during this project due
to the extensive time required to track groups of trainees to the skill level
required to wave aircraft at night aboard ship (approximately 1 - 2 years).
Thus, since the findings of this study are based on a relatively small sample
of LSO inputs, it was decided that a plan for collection of LSORD utilization
data would be included in this report. Several factors entered into the
development of this plan. The major consideration was the need to increase
the responsiveness of the LSORD to actual LSO training needs. To accomplish
this, data would be needed which reflects LSORD capability and utilization
shortcomings, and recommendations for improvement. It also was desired that
data be collected which could support a transfer of training study of the
device. In order to aid in data collection efficiency, the plan was designed
for implementation simplicity and minimum interference with normal LSO and
trainee duties. The proposed data collection plan utilizes three tools: an
LSORD utilization journal co-located with the device, a trainee grade sheet
for LSORD training sessions, and a trainee progress report for performance
aboard ship. The data collection effort is envisioned by the authors to cover
at least a two-year period. Data analysis for training transfer from the
LSORD to waving aboard ship would involve a comparison of fleet performance
between trainees who have, and who have not, received LSORD training.
Appendix G presents the recommended plan for collection of LSORD utilization
data.

21
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SECTION V

FINDINGS

This section presents the findings resulting from study activities. They
are topically grouped to address the LSO Reverse Display, its features and
utilization, and LSO training system concepts. The reader is reminded that
the findings of this study are based upon inputs from a small sample of the
Navy's LSO population. However, the LSOs who provided major inputs to this
study possessed exteisive LSO job and training experience. Additionally, one
of the authors of this report served as a Navy LSO for over six years,
attaining the highest LSO qualification level (Staff). Both of the authors
have been involved in analytical studies of LSO task performance and training
for the past three years. Thus, though the findings are limited from a
scientific data basis, they do provide considerable insight into the
strengths, limitations and potential training benefits of the LSORD.

THE LSO REVERSE DISPLAY

The LSO Reverse Display has demonstrated the potential to be a very ef-
fective training device for the A7 LSO community. As a minimum, simulation of
the night carrier landing environment and an approaching A7 aircraft enables
an LSO trainee to perform a considerable portion of the LSO waving task. Its
most basic trainlng benefit is to promote trainee "eye-mouth" coordination, or
as expressed by u senior LSO: "...experience of holding a pickle in one hand,
phone in the other and learning to talk." The highlights of the LSO Reverse
Display are simulation of pitching deck conditions, provisions for LSO talk-
down, and using the MO'LAS, three aspects of the LSO job which are inade-
quately aJiressed in the existing OJT program. Its capability for instruc-
tional control of carrier landing situations can provide training benefit to
the naive LSO trainee as well as a trainee approaching Wing qualification. It
also shows promise as an aid to refresher training for those returning from
non-LSO tours of duty cr from layoffs between deployments.

The LSO Reverse Display does, however, have some limitations of varying
significance. One is its obvious orientation and convenient location to the
A7 LSO commun ty, thus limiting its impact on training for other LSOs. The
roquirement for a pilot in the NCLT has some potential impact on personnel
support for LSO training. There are some perceptual difficulties for the
trainee in the final portion of the approach.

The identified limitations do not override the benefits arising from in-
tegration ot tais device into LSO training. The key to its value is effective
and conscientious utilization.

LSORD FEATURES. In the paragraphs below, findings regarding LSORD features
are discussed. The urder of discussion coincides with the listing of features
provided earlier in Table 1.

Student Station. In general, the simulation capabilities provided in the
LSORD are very adequate to support effective LSO training. Minor perceptual
deficiencies were noted in the final portion of the approach. There are
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difficulties encountered operating the device from the student station.
Student station simulation and operation are discussed below in more detail.

The background carrier approach scene appears very adequate for training.
A few LSOs suggested that the deck status lights should be more prominent.
However, difficulty in monitoring these lights was considered an instructional

benefit by others. It should help develop a good scan pattern for the
trainee. Deck motion simulation was considered a particularly valuable
training feature of the device. However, a few LSOs felt that deck trim
should also be simulated. There were a few LSOs who strongly supported the
display of the pilot view in the igloo to help the trainee correlate pilot and
LSO perceptions early in LSO training.

The A7 visual simulation appears very adequate for training. However,

there is an occasional convergence problem with aircraft lighting. The only
significant criticism with any aspect of simulation was with perceived air-
craft dynamics during the "in close" and "at the ramp" portion of an approach
as discussed in Appendix D. LSOs felt that the aircraft looked higher and
flatter at the ramp than actual approach results (wire) indicated. A few LSOs
also felt that nose down pitch and lineup were difficult to perceive. Many
LSOs felt that inclusion of more aircraft types in the simulation would great-
ly enhance its value to the LSO community.

There were surprisingly few criticisms of the LSO instrument console.

The malor negative comments related to absence of lens roll angle variability
and waveoff light repeater. The training value of wind-over-deck (WOD) and
hook-to-ramp indicators was confirmed. A few LSOs felt that the console
should include a Pilot Landing Aid Television (PLAT) repeater. However, more
experienced LSOs felt that absence of the PLAT provided more effective train-
ing emphasis on lineup perception.

The audio simulation for an approaching aircraft was considered very ade-
quate. There vere criticisms of background deck noise realism, but no one
felt that it affected training effectiveness. In fact, for early training the
deck noise is usually turned off.

The use of actual LSO controls (radio, pickle, MOVLAS) in the igloo was

considered very effective for training. Provisions for MOVLAS waving was con-
sidered a particularly valuable training feature.

Freeze and replay were considered excellent instructional features. In

conjunction with glideslope crosshair (green) they effectively support in-
structor feedback and also allow self-critique by the trainee. However,
trainee selection of the glideslope crosshair requires some "fumbling" with
the LSORD control box and its cover in the igloo. The MOVLAS positioning
crosshair (red) is also a valuable feedback tool.

At the end of an approach, data ("MONITOR") available, at instructor

option, concerning Janding dynamics has some feedback value. Hook-to-ramp
distance, lineup and sink rate appear useful but the "MONITOR" display is

excessively bright. Rerun plots ("SCORE") of pitch and fuel flow are also
useful on occasion to help the LSO trainee learn to analyze pilot errors. The
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communications between trainee and instructor are occasionally garbled. This
may be due to acoustic deficiencies in igloo design. However, it is not con-
sidered a significant problem.

In terms of student station operation there were several items worthy of
note. It is extremely difficult for two individuals to view an approach
simultaneously because of a very restrictive viewing volume. This hampers
over-the-shoulder instruction and LSO team training, neither of which were
considered significant in limiting training effectiveness. Access to system
operating controls is slightly difficult. The primary one of interest is the
glideslope crosshair control. However, its access has been improved at the
Lemoore site. The cover for the operating controls must be kept closed to
prevent glare in the CRT optics from the brightly lit push-tile switches.
Access to igloo illumination controls near the door is also difficult. A
deficiency in the NAS Cecil Field installation is that there is no ceiling
mounted red floodlight. It is shielded over the entry way.

Instructor Station. In general, the instructor station provides adequate con-
trol and trainee monitoring capabilities. The only significant criticisms
concern limited control over some situation variables and difficulty in moni-
toring trainee waveoff and MOVLAS actions. Instructor station features are
discussed below -n more detail.

The instructor can monitor trainee performance through a CRT repeater of
the LSO or pilot vie,, crosshair display, voice communications from trainee
to pilot and aircraft instrument indications. He cannot monitor the trainee's
MOVLAS positioning unless he switches back and forth between pilot ard LSO
view, or observes the pilot view on the CRT in conjunction with the ':-Y

plotter depiction of glideslope. He cannot see when the t-ainee activates his
waveoff lights unless he is observing the pilot view. For the instructor to
ensure that the trainee's crosshair is not selected, he must deselect his own
crosshair.

The instructor can select limited aircraft lighting malfunctions (wins
lights on/off, AOA lights on/off). He cannot selectively freeze or extinguish
specific AOA licts (for fast, slow, on-speed). Through the NCLT pilot, the
instructor can covertly request planned approach profiles and deviations.
However, several attempts are usually required to achieve the desired
situation. Horizon variations and plane guard destroyer selection reqaire
slight session delays since their control is through the computer terminal.

Inability to selectively manipulate lens roll angle for LSO scan training
was considered a significant shortcoming in the LSORD. Inability to manipu-
late shio trim was also considered a noteworthy shortcoming.

Shortage of canned approaches was also considered a major deficiency of
the LSORD. Ten canned approaches are not sufficient to show the trainee the
variety of critical approach profiles and situations needed in early trainirg.
They are also insufficient to provide meaningful "instructorless" training for
the highly motivated trainee who desires additional exposure.
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Freeze, replay, glideslope crosshair, and MOVILAS positioning crosshair
provide excellent instructor control of feedback and debrief to the trainee.

Inability of the instructor to select glideslope crosshair for the trainee was

the only negative item noted.

LSORD UTILIZATION. The LSO Reverse Display appears to have the capability co
support many levels of LSO training, some levels more significantly than
others. if effectively employed, it should decrease calendar time reouired
for LSO skill dcquisition and provide slignificantly more "hands on" experience
wit,. more por-ons oJ the LSO task than are currencly available in OT. .%
very experienced Air Wing LSO expressed the opinion that the LSORD "... will

undoubtedly pay for its-!lf many times over in averted hard land .ngs, bingos

and other damage Gr loss caused by poor L30 technique."

Even though --he LSORD simulates only the A7, it should provide very ef-

fec-ive trainrng co 1SOs from other communities. Since all air wings have A7
squadrons, truinees must eventually learn to wave the A7. Most importantly is
the fact that bas.c waving skills do not differ from one aircraft to another.

Therefore, sk-Ils required in the LSORD should be very transferable to other
aircraft. Adequate LSO access is a far more important consideration in LSORD

effectiveness. The recent relocation of the LSO Phase I school staff to NAS
Cecil Field has the potential to provide personnel support, utilizacion

encouragement ana continuity of LSORD training management to fleet LSO users
(Phase Ii ana i1 LSO training). Subsequent paragraphs discuss the role of

the LSORD in various levels of LSO training and th,,a potential limitations on

its effectiveness.

Phase I LSO 2'raining- As a part of the LSO Phase i School curriculum, the LSO
Reverse Display could provide instructionally controlled familiarization with

the night carrier Landing environment and "hands on" familiarization with the
waving task. The recent relocation of the LSO Phase I school to NAS Cecil

Field makes this a very practical possibility. Use of the LSORD in the cur-
ricilum can reduce school dependency on FCLP and carrier operations schedules
tc expose the trainee to waving.

Phase II LSO Trairinq. One of the prime assets of the LSORD in support of LSO
training is tne provision for safe, "hands on" waving exper-ence at the outset
of ?hase i: training. Another prime asset is the instructional control avail-
able through such features as freeze, rerun and crosshair. Of the situational

features availabltu, MOVLAS and LSO talkdown conditions are particularly appro-

priate to Phase :7 training. An effective syllabus can employ these and other

features of the device, in conjunction with the FCLP environment, to guide the
trainee through the completion of Phase Ii training. It can help promote in-
cremental acc'aisition of field qualification skills in two stages of orienta-
tion, waving and Pilor training. Adaptive instructional control, based on
learner difference3 in acquiring LSO skills, can be implemented by the
instructor usina the LSOFD for: remedial training sessions, additonal prac-

tice and acce:.erated introduction of new topics auring training sessions. It
is expected that trainee performance and learnina rate while in the LSORD will
be significantly enhanced if he has observed night operations aboard shi?.
Effective ut-ilization of the LSORD in Phase II training should produce a
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field-qualified trainee who is much better prepared for Phase III than was
ever possible before.

One very experienced Air Wing LSO, who has worked extensively with the
LSORD, suggested that Phase II training is where the trainee should learn the
"hard lessons" of c.rrier waving. He pointed out one very interesting tech-
nique for teaching a ":.ard lesson": "I can hit the ramp when the LSO (train-
ee) isn't expecting it." This implies an interesting re-orientation of Phase
II LSO training to include many aspects now considered a part of Phase III
training, such as pitching deck, aircraft emergencies and poor weather condi-
tions.

Phase III LSO Training. The LSORD appears best suited to support Phase III
training because of its simulation of a considerable portion of the night car-
rier landing environment. As discussed earlier, the features of the device
permit an instructor to manipulate the learning experience of the trainee to
focus on specific instructional objectives and to provide remediation and
practice. Extensive use of the device between CQ and deployment work-up
periods looks like the best timing of the device in Phase III. This device
provides an Air Wing LSO with a tool for increasing the "pickle time" for his
trainees and for additional opportunities to evaluate trainee skill acquisi-
tion progress. The increased waving experience available through the LSORD
should accelerate skill acquisition. "Hands on" experience with pitching
deck, MOVLAS, LSO talkdown and aircraft emergency situations should produce a
more highly skilled Wing qualification LSO than is now possible in the exist-
ing climate of reduced carrier operations. Although many aspects of the car-
rier operating environment can be addressed with the LSORD, the primary payoff
potential appears to be related to emphasis on pitching deck and MOVLAS.

Proficiency and Refresher LSO Training. The simulation fidelity appears ade-
quate to support limited maintenance of skill proficiency during extended time
periods between deployments and refresher training for LSOs returning from
non-LSO tours of duty. However, most LSOs suggested that only minimal train-
ing in the LSORD would be required to get an experienced LSO "up to speed."

Potential Limitations to LSO Reverse Display Effectiveness. Several factors
could limit effectiveness of the LSO Reverse Display in LSO training. Most
are not unique to the LSO Reverse Display. A shortage of instructor LSOs can
significantly reduce device utilization and effectiveness. Heavy loading of
pilot training in the NCLT can limit availability of LSO Reverse Display
training time. Limitations in trainee availability for LSO training due to
flying duties, school attendance, other job responsibilities, etc., is also a
factor. Negative attitudes of instructor, trainee and supervisory personnel
toward the LSO Reverse Display can impact its utilization rate and negate its
effectiveness. Inattention to quality control of the training syllabus can
cause degradation of LSO Reverse Display training effectiveness.

LSO TRAINING SYSTEM CONCEPTS

Evaluation of the LSORD has provided an opportunity to indirectly assess
some of the LSO training system functional concepts recommended by Hooks and
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others (1978).6 Based on the promise demonstrated by the LSORD, the authors
and the experienced LSOs involved in this study are particularly confident
that the LSO training program can benefit from trainee task interaction in a
simulated waving environment under the cognizance of an instructor LSO.

Interaction with LSO during this study support previous estimates that
only night carrier recovery conditions are required in simulated LSO training.
During night shipboard operations is when "pickle time" for a trainee is at a
premium. The most difficult and critical waving situations usually occur in
night operations. The author concurred with LSO inputs that capabilities to
simulate pitching deck conditions, MOVLAS utilization, LSO talkdown and
aircraft emergency situations have the highest payoff in preparing a trainee
for Wing LSO qualifications. These are conditions under which a trainee
typically does not get "pickle time" in the fleet. Based on training and
demonstrated proficiency with these situations in an LSO training system, the
supervisory LSO is more likely to allow a trainee to wave in these
circumstances, thus enhancing the benefits derived in OJT.

The potential non-availability of NCLT pilots noted in this study and the
need for an instructor to present approach profiles for specific training
objectives supports the notion of some means for independent control of
aircraft dynamics. Instructor station "joystick" control of the aircraft and
its response to trainee actions appears to be a promising feature for a
stand-alone LSC training system. Computer control of aircraft dynamics and
pilot response to the LSO using automated speech recognition is another
possibility. However, no conclusions can be drawn regarding the cost-
effectiveness of such a feature.

The type of visual system in the LSORD appears to be a leading candidate
for future LSO training systems. Its cost is relatively low in comparison to
wide angle projection systems and its performance seems adequate. The

perceptual shortcomings identified in this study appear resolvable.

Subjective instructor evaluation of trainee performance and instructor
decisions on feedback and syllabus control appeared very effective in LSORD
training. In early sessions for a trainee, evaluation appears primarily based

*on pass recall and descriptive commentary, two aspects not amenable to
"instructorles-" evaluation. Uncertainty still remains concerning the
feasibility and effectiveness of automated perfornance evaluation based on
"correctness and timeliness of voice calls." However, an interesting
possibility is automated evaluation in selected critical waving situations for
which performance criteria could be well defined.

No firm conclusions could be drawn regarding the concept of automated LSO
training, encompassing aircraft/pilot/LSO interaction, performance evaluation,
instructional feedback and adaptive syllabus control worthy of continued
research in view of the shortages of skilled LSO, which continues to plague
the Navy.

6. J.T. Hooks, E.A. Butler, R.A. Gullen, R.J. Petersen, Design Study for an

Auto-Adaptive LSO Trainnig System, NAVTRAEQUIPCEN 77-c-010901, December, 1978.
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SECTION VI

RECOMMENDATIONS

Several recommendations are presented as a result of this evaluation of
the LSO Reverse Display. The most important is that the LSO community should
significantly increase utilization of the device in support of LSO training.
For increased effectiveness, several specific improvements are also recom-
mended.

THE LSO REVERSE DISPLAY

The findings of this study support several recommendations regarding
improvements in LSORD features and capabilities. They also support recom-
mendations regarding effective utilization of the LSORD in support of LSO
training. Specific LSORD recommendations are presented below.

LSORD UTILIZATION. As mentioned earlier, one of the strongest recommendations
resulting from this study is that LSORD utilization should be increased sig-
nificantly if its benefits are to be realized. Additionally, use of the LSORD
should be closely monitored to improve utilization effectiveness and to deter-
mine additional needs for device enhancement. Specific recommendations are
described below.

LSORD Support to LSO Training. The primary role of the LSORD should be in
support of Phase II and Phase III training. It is recommended that the syl-
labi included in this report receive timely review by the LSO commiunity for
possible modification and for timely implementation into the training programs
conducted by Air Wing LSOs. It is recommended that the LSO Training Model
Manager and the LSO School staff at NAS Cecil Field provide LSORD familiariza-
tion and training guidance to Air Wing LSOs to help them effectively utilize
the device. The LSO Training Model Manager should have at NAS Lemoore a
qualified LSO as a designated LSORD coordinator to provide similar support to
Air Wing LSOs on the west coast. It is recommended that this individual be

assigned to the functional wing at NAS Lemoore. if feasible, type commander
LSOs should establish a policy which requires use of the LSORD as an integral
part of LSC training. As a minimum, LSO talkdown, pitching deck and MOVLAS
instruction in the LSORD should be required as a part of Phase III LSO
training.

The effective use of the LSORD in the Phase I school should be explored.
As a start in this area, it is recommended that each Phase I school student
receive an LSCRD familiarization session and two brief sessions of observing
approaches and with some introductory waving. The type commander LSOs should
explore the effectiveness of using the LSORD for refresher LSO training and
for preparation of LSOs for Air Wing billets.

It is recommended that an instructor manual and student guide be devel-
oped to support standardized LSORD training utilization. Current LSORD
documentation is inadequate to effectively aid the potential LSORD instructor.
The instructor manual should provide clear descriptions of LSORD features and
their use as well as syllabus implementation guidance. The student guide
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should describe the LSORD and instructional objectives, and should provide

guidance for session preparation, limited self-training and recommended
reference materials. These documents should be periodically updated based
upon ongoing user evaluation of the LSORD and its syllabus.

Feature Utilization. To discuss recommendations regarding LSO Reverse Display
feature utilizdtion in training, an operational context is provided. The
commentary below "walks" through a training session, identifying instructional
techniques and procedures which are potentially effective. These were derived
by the authors based on observation of LSO training in the LSORD and on
discussions with experienced instructor LSOs. An experienced instructor LSO

would be required for effective employment of these guidelines.

a. General: Two or three trainees can be employed for each scheduled
period, performing different roles on a rotational basis during the period:
one in the NCLT, one in the "igloo," and the third with the instructor at the
console.

The optimum time in the igloo for a trainee appears to be 30 to 40
minutes; 5 minutes of that is needed for dark adaptation and environmental ac-
climation. Optimum instructor positioning is at console except for familiari-
zation sessions and for initial MOVLAS training.

b. Briefing: The trainees should be briefed on the purpose of the
training session, trainee actions (calls, grading, etc.), situations to be
encountered, and relevant "igloo" controls (crosshair, MOVLAS, etc.).

c. Session conduct: For warm-up, the trainee should initially observe
and/or wave several approaches, with rerun and crosshair used frequently to
aid acclimation. Canned approaches may be useful for this. Instructor then
presents approaches and situations for the training specified by the syllabus.
Approaches should start about I to 1-1/2 miles out. Trainee points out devia-
tions, waves, grades, etc., as appropriate. Instructor also mixes previously
learned situations into session. If appropriate, third trainee or instructor
acts as book writer at console for trainee in igloo. After trainee has been
introduced to the waveoff, ensure the presentation of several waveoff situa-
tions during each session. Direction to the NCLT pilot to provide specific
deviations is usually effective, but it frequently requires multiple attempts
for success.

d. Instructional actions: During early portions of syllabus, instructor

should frequently freeze the approach on trainee errors. Also, in early
portions of syllabus two reruns of an approach appear effective; in later por-
tions of syllabus only limited use of rerun may be necessary. Crosshair util-
ization should also become less and less necessary as the trainee's basic per-
ceptual skills increase. For approaches when trainee has difficulty detecting
power or pitch deviations, use of the "SCORE" plots in rerun, followed by an
uncluttered rerun should be useful. Frequent instructor feedback and informa-
tional commentary should be used throughout training (after almost every ap-
proach) since there are no clear, objective criteria established for trainee

performance.
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e. Debriefing trainee: There are several areas appropriate to end of
session debrief. Commentary is needed regarding the trainee's perception of
glideslope, lineup, and AOA deviations and pilot corrective actions. Connen-
tary is also needed regarding the correctness and timeliness of trainee voice
calls. Specific attention should be given to the trainee's performance in
waveoff situations. During the debrief the commentary should be oriented to
trainee trends in the above areas. Debriefing should be on both a group and
individual basis.

f. Trainee performance tracking: A "grade" sheet should be utilized to
account for trainee performance quality in each session and to track the
trainee's experience with various learning situations, such as MOVLAS, ISO
talkdown, etc. This record keeping can also support a syllabus quality
control effort.

Continuee LSORD Evaluation. In view of the limited LSORD utilization on which
study results are based, it is strongly recommended that utilization of the
LSORD be closely monitored and evaluated over the next two years. This should

be the responsibility of the L90 Training Model Manager. Appendix G provides
a recommended plan for collection of LSORD utilization data to support this
effort. Data from the utilization journal, LSORD grade sheets and trainee
progress reports should be used to identify needed changes to the LSORD and
its training syllabus and to determine the transferability of LSORD training
to the fleet waving environment.

LSORD FEATURES. Recommended improvements to the LSORD have been organized
into two groupings. The highest priority items are expected to have a signif-

icant positive impact on LSORD training effectiveness. These recommendations
include (listed in descending order of importance):

a. increase the number of canned approaches available,

b. add a pilot intervention capability for the canned approach mode,

c. add an indication of trainee activation of waveoff lights at the
instructor console,

d. add the presentation of the MOVLAS crosshair at the instructor

console during an original approach,

e. incorporate instructor capability to manipulate FLOLS roll angle,

f. incorporate capability to simulate carrier out of trim condition.

The number of canned approaches should be increased to approximately

fifty (50) in order to provide efficient instructional presentation of impor-
tant approach profiles and waving situations. Many of these will be useful in
teaching basic perceptual skills needed for trainee recognition of glideslope,
lineup and AOA deviations. Others will be used for introduction to many of
the variables involved with waving night carrier approaches such as pitching
deck, aircraft lighting malfunctions and weather extremes. Of primary impor-
tance will be the use of canned approaches to expose the trainee to typical
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approach profiles and pilot error trends which can lead to unsuccessful
landings (bolters, ramp strikes, hard landings).

The canned approach mode of the LSORD, as it currently exists, precludes
LSO task interaction. Adding a capability enabling a pilot in the NCLT to
take control of the aircraft during a canned approach would allow LSO trainee
task interaction in standardized, learning ob)ective-based approach
situations. It is estimated that this feature would enhance trainee skill
acquisition, improve training session efficiency, and reduce instructor
work load.

The instructor needs an indicator of trainee waveoff light activation in
order to effectively monitor trainee performance in critical waveoff
situations. Proper timing of waveoff light activation is an extremely
important skill which currently cannot be evaluated effectively by the
instructor from his console.

Currently, the MOVLAS crosshair is not available during the original
"flying" of an approach. Instructor evaluation of trainee MOVLAS performance
is therefore delayed intil replay of the approach. This precludes the in-
structor fron providing immediate feedback to the trainee and adds extra time
to the MOVLAS instructional process since at least one approach replay is
always required for performance evaluation.

Snaa- of FLOLS roll angle setting prior to an approach is an important LSO
habit pattern element. An improper setting causes an incorrect display of
glideslope cues to the pilot and can result in an unsafe hook-to-ramp clear-
ance for thc aircraft. It can also be an indirect cue to the LSO that the
arresting gear may be net for the incorrect type of aircraft, a situation
which can result in aircraft or arresting gear damage upon landing. Control
over the roll angle can enable an instructor to provide training emphasis on
this important aspect of the LSO waving task.

Frequently: n aircraft carrier operates in an out-of-trim condition.
Pitch trim variances change the hook-to-ramp clearances of the aircraft and
list (roll trim variance) affects LSO and pilot perception of lineup in the
final portion of an approach. In order to effectively prepare a trainee for
this situation variable, instructor control of deck trim is recommended.

The other group of LSORD feature recommendations are considered less
important than those diRcussed above. However, the authors estimate that they
could have a positive impact on LSORD training effectiveness for the reasons
stated in subsequent naragraphs. These recommendations include (listed in
descending oraer of importance):

a. techniical investigation of scene rotation to improve flight dynamics
fidelity from "in close" to touchdown,

b. technical investigation of color convergence to improve long term
stability,

c. instructor control of trainee crosshair selection,
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d. simulation of additional types of aircraft,

e. presentation of pilot view at the student station,

f. incorporate "Joystick" control of aircraft dynamics at instructor
console.

Perceived flight dynamics fidelity discrepancies can affect trainee
learning associated with the terminal aspects of an approach. He may not be
learning to correctly recognize pilot deviations at the ramp and the terminal
effects of these deviations. For an experienced trainee or a qrialified LSO,
this problem may cause perceptual confusion and reduced training credibility
for the device. It is recommended that scene rotation timing be manipulated
to determine whether improvement can be achieved.

Color convergence problems cause incorrect AOA light cueing and visual
distractions in other lights within the approach scene. Improving color
convergence stability would alleviate these problems. It is recommended that
a technical investigation of the color convergence problem be initiated.

As mentioned earlier, trainee selection of glideslope crosshair is a dif-
ficult task. Providing instructor control of this feature should improve
training session efficiency.

It is recommended that a few additional types of aircraft be incorporated
into the visual simulation. This should provide an increase in transfer of
training from the LSORD to the actual carrier operating environment in terms
of aircraft visual and flight dynamics characteristics. It would also allow
increased coverage in the LSORD of the requirements for Phase III ISO
training.

Presentation of the pilot view at the LSO training station could prove
useful in helping a new trainee to relate basic LSO perceptual skills to his
pilot skills. It can also provide an added perspective in the assessment of
pilot errors and trends.

Incorporation of "3oystick" control of aircraft dynamics can reduce
dependency on NCLT pilots for LSO training. It can also give the instructor
greater control in presenting desired approach profiles and pilot errors. It
is recommended that the aircraft fly optimum glideslope, lineup and AOA until
"driven" to a deviation by the instructor. This will minimize the task load-
ing of the instructor in using this feature.

LSO TRAINING SYSTEM CONCEPTS

It is recommended that NAVTRAEQUIPCEN continue monitoring LSORD utiliza-
tion as a part of ongoing research into LSO training system requirements. It is
also recommended that NAVTRAEQUIPCEN investigate the possibility of auto-
mating the LSORD at NAS Cecil Field as a prototype LSO training system option.
Although not an optimum research tool, it is worthy of attention as a poten-
tially low cost alternative to a "from scratch" prototype procurement. The
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add-on features needed for this option would include the high priority feature

recoimmendations described earlier, plus:

a. "joystick" and computer control of aircraft flight dynamics,

b. automated speech recognition,

c. LSO performance data collection (voice calls and control activations
correlated to aircraft dynamics, as well as manual instructor grading inputs),

d. collection of data reflecting instructor actions during training
sessions.

It is also recommended that the Navy evaluate the feasibility of adding
LSO training stations to night carrier landing trainers in other aircraft
comunities to increase LSO training support outside the A7 community.
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ACRONYMS

AIRLANT Naval Air Forces Atlantic

AIRPAC Naval Air Forces Pacific

AOA Angle of Attack

APC Automatic Power Compensation

CCA Carrier Controlled Approach

CQ Carrier Qualification

CRT Cathode Ray Tube

CV Aircraft Carrier

DLC Direct Lift Control

FCLP Field Carrier Landing Practice

FLOLS Fresnel Lens Optical Landing System

HUD Head Up Display

LSO Landing Signal Officer

LSORD LSO Reverse Display

MOVLAS Manually Operated Visual Landing Aid System

NAS Naval Air Station

NATOPS Naval Air Training and Operating Procedures

Standardization

NCLT Night Carrier Landing Trainer

NORDO No Radio

OJT On-the-Job Training

PLAT Pilot Landing Aid Television

PMS Performance Measurement System

FRS Fleet Readiness Training Squadron

TRACOM Naval Air Training Command

WOD Wind Over Deck
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APPENDIX A

ANNOTATED BIBLIOGRAPHY ON LSO

1. Anonymous, An LSO's Stand for Safety, Approach, Naval Safety Center,
1975.

A situation is described in which a pilot has significant difficulty
landing aboard ship during CQ which leads to a confrontation between the LSO
and squadron commanding officer. There are also some valuable editorial
comments.

2. Borden, G.J., The Landing Signal Officer: A Problem Analysis, Vols. I,
I. Technical Report 785-1, Goleta, Calif.: Human Factors Research,
Inc., May 1969.

Volume I of this report provides a detailed description of the LSO's
job and his role iLn the carrier landing process. It also identifies various
problems encountered by the LSO in performing his tasks and in his career pat-
tern, and suggests several problem solutions. The results of this study were
based on a comprehensive survey of the LSO community with responses from about
one-half of all Navy LSOs. Volume II of the report provides the detailed
descriptive statistics for the data collected in the study.

3. Borden, G.J., The Landing Signal Officer: Display Requirements for ACLS
Recoveries, Goleta, Calif.: Human Factors Research, Inc., 1972.

This report describes an effort to determine the information
requ4 .rements of LSOs to effectively control Automatic Carrier Landing System
(ACLS) recoveries. It describes the LSO's role in the ACLS recovery environ-
ment, and an experimental study to evaluate several LSO information display
options.

4. Borden, G.J., The Landing Signal Officer: Work Station Design. Technical
Report 1707, Human Factors Research, Ina., 1970.

This report describes design recommendations for an improved LSO
workstation. Also included are descriptions of LSO information requirements
and how LSOs use information to help control aircraft recoveries. The
information in this report was eventually used in the development of an LSO
HUD.

5. Borden, G.J., McCauley, M.E., Computer-Based Landing Signal Officer Car-
rier Aircraft Recovery Model, Progress Report, Goleta, Calif.:
Human Performance Research, Inc., 1978.

The first phase of a government-contracted effort to model LSO
waving behavior is described in this report. A preliminary model o! LSO
decisions and output actions is presented which was based on extensive
interviews and discussion with experienced LSOs.
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6. Breaux, R., (Ed.), LSO Training R&D Seminar Proceedings, Technical Report
IR-320, Naval Training Equipment Center, 1980.

This puLDi.ation is an accumulation of papers presented at a seminar
to review Naval Tr i.ing Equipment Center efforts toward designing a universal
LSO training system. Papers were presented by gvernment civilian and mili-
tary personnel, and by civilian contractors. Among the papers presented are
descriptions of LSO R&D contract efforts.

7. Brictson, C.A., Evaluation of the Special Senses for Flying Duties: Per-
ceptual Abilities of Landing Signal Officers (LSOs), La Jolla,
Calif.: Dunlap and Associates, Inc., 1974.

This paper discusses the perceptual skills of LSOs and an experiment
to help develop a perceptual ability test battery for LSO selection and train-
ing. Several perceptual ability tests are described. LSOs scored higher in
most perceptual ability tests than normative groups and higher than pilots on

several tests.

8. Chatfield, D.C., Marshall, P.H., and Gidcumb, C.F., Instructor Model
Characteristics for Automated Speech Technology (ZMCAST), Technical
Report, NAVTRAEQUIPCEN 79-C-0085-1, Naval Training Equipment Center,
1979.

This report describes a study to investigate the application of
basic research in cognitive processing to instructor function models for
training systems employing automated speech technology. Portions of the
report are devoted to instructor modeling concepts for an automated LSO train-
ing system. Two other jobs, GCA controller and Air Intercept Controller are
also discussed.

9. Durand, T.S. and Wasicko, P-J., Factors Influencing Glide Path Control in
Carrier Landing, Journal of Aircraft, 4, Systems Technology, Inc.,
1967, 146-158.

This article describes the geometry and dynamics within the carrier
landing "system" which encompasses many elements such as the aircraft, LSO,
pilot, FLOLS carrier and environmental factors. A significant discussion is
devoted to carrier deck motion, FLOLS stabilization and the concept of
Compensated-Meatball Stabilization (CMS).

10. Erickson, D.P., Landing Signal Officer Guide and Training Plan, circa
1978.

This document is a comprehensive accumulation of reference materials
to support most aspects of the LSO job. It provides technical descriptions of
various equipments used in shipboard launch and recovery and the geometries
associated with landing aids and operating conditions. It also provides
training guidance to help the Air Wing LSO conduct an effective OJT program.
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11. Flatley, James H., The LSO - Forever an Asset, Approach, Naval Safety
Center, 1974.

This article provides interesting histozical perspectives on the LSO

job, LSO training and carrier landing acciaent rates since 1959. The career
patterns of LSOs and career enhancement aspects of being an LSO are also
described.

12. Hooks, J.T., Butler, E.A., Gullen, R.A. and Petersen, R.J., Design Study

for an Auto-Adaptive Landing Signal Officer (LSO) Training System,
Technical Report, NAVTRAEQUIPCEN 77-C-0109-1, Naval Training Equip-
ment Center, 1978.

This report describes a government-contracted effort to provide pre-
liminary design guidance for an automated universal LSO training system.
Included are descriptions of the LSO job, the LSO training program, candidate
LSO training system functions and a tentative syllabus for system utilization.
It also includes an assessment of relevant training technology and a design
for a laboratory LSO training system.

13. Hooks, J.T., Butler, E.A., Reiss, M.J. and Petersen, R.J., Landing Signal

Officer (LSO) Laboratory System Software, Technical Report,
NAVTRAEQUIPCEhN 78-C-0151-1, Naval Training Equipment, (in press).

This report describes the government-contracted development, capa-
bilities and experimental utilization of a laboratory LSO training system.
Also included are recommendations for the functional characteristics of an
automated experimental prototype LSO training system.

14. Lacy, J.W. and Meshier, C.W., Development of a Landing Signal Officer

Trainer, Proceedings, First Interservice/Industry Training Equipment
Conference, Technical Report, NAVTRAEQUIPCEN IH-316, Naval Training
Equipment Center, 1979, 79-90.

This paper describes the efforts involved in the development of an

LSO training station for the A7E Night Carrier Landing Trainer, commonly
called the LSO Reverse Display. A chronology of development activities and a
brief description of the device are presented.

15. Mears, Mike, MOVLAS Techniques for Pilots and LSOs, Approach, Naval

Safety Center, 1976.

This article discusses MOVLAS waving techniques and the need for LSO
and pilot practice with MOVLAS recoveries aboard ship. Several important
MOVLAS utilization considerations are presented as well as specific guidance
to LSOs and pilots for successful MOVLAS approaches.

16. Mitchell, C.S., The LSO Head-up Display, Approach, Naval Safety Center,
1975.

Article presents a brief description of the prototype LSO HUD and

its initial testing.
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17. Nave, Ronald L., A Pilot/LSO Simulation Conducted to Investigate Aircraft
Waveoff Performance and to Determine the Ability of the Landing
Signal Officer to Judge Aircraft Approaches, Naval Air Development
Center, Warminster, Pa., 1974.

This reports a government simulation effort to investigate aircraft
waveoffs and LSO perceptual abilities. A manned simulation, the two-domed ACM
simulator at the Naval Air Development Center, was used in this study. The
results presented include recommended minimum design requirements for some
aircraft characteristics and estimates of LSO ability to judge several
approach parameters.

18. Reigle, M.E. and Smith, RLH., Preliminary Study of Optimal Waveoff Con-
trol: A Parametric Approach, Naval Air Development Center, NADC-
72079-VT, 1973.

This report describes a government effort to investigate optimum
Sloting techniques for waveoff execution. This was approached through the

a lication of a concept called optimal control doctrine in computer
simulation. There is only minimal reference to the LSO.

19. Saunders, G.J., LSO - The Forgotten Man, Approach, Naval Safety Center,
1977.

This article identifies many problems associated with the LSO job
and LSO training. The author's emphasis is upon long-term neglect of the ISO
by higher authority. Several potentially beneficial problem solutions are
also discussed.

20. Smith, R.H., LSO-Pilot Interviews on Carrier Approach, Naval Air Devel-
opment Center, VT-TM-1681, 1973.

This report presents interviews with LSOs and pilots regarding car-
rier approach and landing dynamics and interactions. To the experienced LSO,
some of the questions may appear naive and the credibility of some of the LSO
respondents may appear questionable. The results do point out the individ-
uality of styles among pilots and LSOs.

21. Smith, R.H., The Landing Signal Officer: A Preliminary Dynamic Model for
Analyses of System Dynamics. Naval Air Development Center,
NADC72078-VT, Warminster, Pa., 1973.

This report describes a digital computer model for LSO task dynam-
ics. The rationale for various aspects of the model, as wll as modelling
assumptions and limitations are discussed.

22. Stueck, Phillip Gary, LSO Pilot Interaction Simulator, Naval Post-
graduate School, Monterey, California, June, 1973.

This is a thesis which describes a manned pilot/LSO interaction sim-
ulation which was developed at the Naval Postgraduate School.
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23. U.S. Navy, Carrier Aircraft Recovery Simulator (CARS) proposal letter,
VAQ-129 NAS Whidbey Island, Washington, May 26, 1976.

This letter is an Operational Requirements (OR) proposal for the
characteristics needed in a training device to support the LSO training pro-
gram. it also includes information to support the operational need for the
device as well as describing the problem leading to the need.

24. U.S. Navy, Office of the Chief of Naval Operations. The Naval Air Train-
ing and Operating Procedures Standardization (NATOPS) Program Man-
ual, C.V., Department of the Navy, 1975.

This manual, commonly called CV NATOPS, provides policy guidance for
carrier operations. Included are procedures for control of shipboard aircraft
during flight deck operations and during launch and recovery. Responsibili-
ties of the LSO and other shipboard personnel are described.

25. U.S. Navy, Office of the Chief of Naval Operations, The Naval Air Train-
ing and Operating Procedures Standardization (NATOPS) Program Man-
ual, Landing Signal Officer (LSO NATOPS), Department of the Navy,
1975.

This manual, commonly called LSO ZATOPS, provides policy guidance
for the LSO job. Included are procedures for FCLP and carrier operations and
emergency situations; descriptions of LSO training phases, qualification
levels and job responsibilities; and procedures for record-keeping and
reporting. A Phase I LSO training syllabus is also included.

26. Vought Corporation, Proposal for Development of an A-7E NCLT Landing Sig-
nal Officer (LSO) Training Station, May 1977 (with revision RI of
July 1977 and R2 of September 1977).

This document describes proposed capabilities of an LSO training
station, now called the LSO Reverse Display, for the A7Z Night Carrier Landing
Trainer. Included are technical descriptions and diagrams of functions and
equipment. Some of the capabilities and functions described in this document
were eventually modified when the device was actually developed. Thus it is
only a partially accurate reference. However, until the 2F103 documentation
is updated by Vought, it remains the only known technical reference for the
LSORD.

27. Webb, G.J., LSOs - An Endangered Species, Approach, Naval Safety Center,
1975.

The author presents a comparison of typical LSO and trainee expe-
rience in carrier landing operations before 1973 and after 1973. His data
estimates indicate that the LSO trainee waves approximately half as many
passes in a "poet-173" sea duty tour than he did in a "pre-'73" tour. He
takes a gloomy view of the numbers and skill levels of qualified LSOs in
coming years.
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28. Webb, G.J. The In-close Waveoff, Approach, Naval Safety Center, 1976.

The author presents strong opinions regarding required pilot tech-
niques for "in-close" waveoffs. He also discusses several factors which must
be considered by the LSO in making the "in-close" waveoff decision.
Imediately following this article the viewpoints of several other ISOs are
also presented.

44



NAVTRAEQUIPCEN 79-C-010 1-2

APPENDIX B

QUESTIONNAIRE RESULTS

SURVEY SAMPLE

The questionnaire entitled "Evaluation of LSC Reverse Display" was dis-
tributed to 35 LSOs, primarily of the A-7 cozunity. A copy of the question-
naire is included ds Appendix C.

Completed questionnaires were received from 20 LSO. Of the 20 respond-
ents, 19 identified themselves and provided demgraphic data. One chose to
remain anonymous. The LSOs who provided demographic data included 5 LTJGs, 6
LTs and 5 LCDRs. Seven of the LSOs had previous experience with the Night
Carrier Landing Trainer (NCLT), while 12 had none. Only 3 of the LSOs had
previous experience with the LSORD portion of the NCLT. Therefore, 16 (and
possibly 17) of the 20 LSOs were responding to the questionnaire based on
limited experience with the Reverse Display.

While the LSO sample was limited in prior exposure to the Reverse Dis-
play, nearly all had extensive LSO and pilot experience. Six were Staff-
qualified LSOs, 3 were Training-qualified, 4 were Wing-qualified, 4 were
Squadron-qualified, and 2 were field-qualified. Years of experience as an LSO
ranged from 1 to 11 in the sample, with a median of 5 years.

The median numbar of carrier landings was 220 day and 80 night. Four
LSOs in the sample had over 150 night landings. The A-7 was the primary air-
craft for 9 of the LSOs, the A-6 for 4, the F-4 for 2, and the remaining 3
LSOs flew the A-3, S-3, and E-2, respectively.

LSORD FEATURES RATING

The LSOs were asked to rate some of the training features of the LSORD,
as well as the overall potential value of the LSORD for training. Eleven
items were rated on a 5-point scale, with I - POOR, 3 - FAIR, and 5 - OUT-
STANDING. Results of the ratings are summarized in Table B-1.

The "degree of realism of the night carrier appr'oach scene from a waving
perspective" was given the lowest mean rating, 3.35. None of the LSO rated
the scene realism as OUTSTANDING, but 95% rated it FAIR or better. Only 1 LSO
rated it below FAIR.

The follow-up question on "night carrier approach scene realism" asked
about its "adequacy for LSO training.' The mean rating was 4.00, the second
highest of the 11 Items, surpassed only by the 'LSORD overall potential value
to LSO training" at 4.20.

The "degree of realism of the LSO workstation" received a re'.atively low
rating of 3.35. Only 55% of the LSOs rated it better than ?AIR. No one rated
it OUTSTANDING, and 1 LSO rated it below FAIR. The LSO workstation console is
not recessed into the deck, as it is aboard ship, therefore, it appears much
higher and closer in the LSO's visual field. The term 'workstation" in the
question was general, so it is difficult to judg what aspects of thu LSO
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TABLE B-I. MEAN RATINGS OF THE LSORD AND ITS FEATURES
(3 - FAIR, 5 - OUTSTANDING)

Standard
Deviation

4.30

4.20 LSORD OVERALL POTENTIAL VALUE TO LSO TRAINING (.77)

4.10

4.00 NIGHT CARRIER APPROACH SCENE, ADEQUACY FOR TRAINING (.73)
LSO WORKSTATION, ADEQUACY OF CONTROLS FOR LSO TRAINING (.92)

3.90 LSO TRAINEE EVALUATION CAPABILITY, WITH INSTRUCTOR
AT NCLT CONSOLE (1.02)
SIMULATED AIRCRAFT DYNAMICS, ADEQUACY FOR TRAINING (.81)

3.80
LSO TRAINEE EVALUATION CAPABILITY, WITH INSTRUCTOR IN "IGLOO" (.91)

3.70

3.60 LSO WORKSTATION, ADEQUACY OF SOUND SIMULATION FOR TRAINING (.60)
LSO WORKSTATION, ADEQUACY OF CONSOLE DISPLAYS FOR TRAINING (.94)
SIMULATED AIRCRAFT DYNAMICS, REALISM FOR WAVING (.77)

3.50 LSO WORKSTATION, REALISM FOR WAVING (.61)

3.40

NIGHT CARRIER APPROACH SCENE, REALISM FOR WAVING (.59)

3.30

3.20

3.10

3.001
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workstation seemea unrealistic to the LSOs. In addition, an "unrealistic"
workstation does not necessarily imply a lack of training effectiveness.

This issue was addressed in the next three questions which dealt with the
"adequacy for training" of different aspects of the LSORD workstation. The
"adequacy of YSO console displays for LSO training" received a moderately low
mean rating of 3.55. However, there wan a wide range of LSO responses. Three
LSOs rated it OUTSTANDING, while 3 rated it below FAIR. Again, it is not
possible to determine what aspects of the console displays contributed to the
relatively low mea-i rating and the variability of LS0 responses.

The "adeouac of LSO controls for LSO training" received one of the high-
eat mean ratings, 4.00. Six LSOs (37%) rated the LSO controls OUTSTANDING.
The controls in the LSORD are identical to those used aboard ship, including
the LSO hand switc'i (pickle), radio handset and MVLAS. It would be hard to
improve the training effectiveness of these LSO contzols, so it is not
surprising that this category received a very high rating.

The "adequacy of sound simulation for LSO training" was given a moderate
mean rating by the LSOs, B.60. An improvement in the selection of the
recorded deck noise has been proposed for the LSORD, partly to reduce the
amount of propeller noise. The deck noise probably affects training only to
the extent that It masks the simulated engine noisa of the approaching A-7.

Two questionE were asked about the simulated aircraft dynamics. Their
"realism from a waving perspective" received a moderately low rating of 3.53.
One LSO rated it below FAIR, but 2 LSOs rated it OUTMTANDING. By contrast,
the "adequacy of the simulated aircraft dynamics for LSO training" received a
relatively high mean rating of 3.89.

It is interesting to note that "simulated aircraft dynamics" questions,
as well as the "rcght carrier approach scene" questions, received relatively
low ratings for "degree of realism", but a high rating for "adequacy for LSO
training." The relationship between simulator fidelity and training effec-
tiveness has been the topic of much debate by training experts. Extrapolating
from the LSOs responses to the survey, they appeared to be stating that LSORD
departurea frcm "realism" were noticeable, but not expected to detract from
L80 training. A more detailed analysis of this issue may be warranted, since
the LSO task involves complex perceptual processing. The LS0s who responded
to the survey may or may not have been able to assess accurately which depar-
tures from "realism" would affect the training potential of the LSORD.

The adequacy cf LSO trainee evaluation was rated higher for the
instructor LSO positioned at the NCLT console than when the instructor was
stationed inside the LSORD workstation (the igloo). The reverse display is
available at the NCLT console, and the instructor has more controls available
for managing the training process. Also, the view of the approa-h for the
second mar. (th inetructot) in the igloo is somewhat awkward because of the
limited area for proper head and eye position. A potential disadvantage to
the instructor being located at the NCLT console is that communications with
the LSO trainee are by ICS rather than face to face.
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The final question concerned the "overall potential value of the LSORD to
LSO tra:.ning". This item received the highest mean rating, 4.20. A rating of
OUTSTAMDING was given by 40% of the LSOs, while 40% rated it GOOD and 20%
FAIR. The LSOs apparently felt that the total package was more valuable for
training than the individual elements, because this overall rating was higher
than any other category. Responses to this question may reflect the LSOs
desire to receive some training aid, since the primary training method cur-
rently is OJT.

In summary, the LSOs who responded to the questionnaire were favorably
impressed with the training potential of the LSORD, although some of its fea-
tures were not given particularly high ratings - namely, the LSO workstation
console dislays, the realism of the night carrier approach scene, and the
realism of the LSO workstation. Even these items, however, received a mean
rating equivalent to between FAIR and GOOD, and nearly half of them rated the
overall potential value of the LSORD for LSO training to be OUTSTANDING.

UTILIZATION OF THE LSORD

The LSOs were asked which phases of the LSO training could >e meaning-
fully supported by the Reverse Display, with the following results: 90% posi-
tive for Phase :I, Field Carrier Landing Practice (FCLP), and 60% positive for
Phase 111, Carrier Training Observation.

When asked to indicate which phase of LSO training would be best suited
for the LSORD, 20% indicated Phase 1, 50% Phase I, and 30% Phase III. The
explanations which accompanied this response emphasized that the LSO trainee
who would most benefit from the LSORD would be one who had seen night carrier
operations. Examples of comments from highly experienced LSOs: "(The LSORD)
is too hard for people with little or no experience," and "A little too much
to comprehend for Phase I. Useful in all phases, though." Dissenting
opinions also were voiced by experienced L6Os, citing the advantages of early
(Phase I) introduction of the complexities of the LSOs task, "rapid exposure
to all types of approaches not normally available (in Phase I and II), hands
on the pickle sooner, and (good for Phase 1) because it establishes basic
techniques and procedures."

The LSOs selected one or more levels of LSO experience for which the
LSORD would be suitable for supplemental training. The outcome, shown in
Table 3-2, corroborates the results from the previous question. The highest
category was "slight experience aboard ship." The second place category was a
tie between two completely different applications of the LSORD, refresher
training ("Wing Qual returning from non-LSO tour of duty") and initial train-
ing ("slight FC-_P experience"). One LSO commented the LSORD would be suitable
as a supplemental training device for all degrees of LSO expertise because
"weather and sea conditions make any stage of LSO experience in need of
practice."

Another issue in utilization of the LSORD is the level of pilot skill
appropriate for fly;_ng the NCLT when conducting LSO training. Four categories
of pilots were suggested, and the associated percentage of LSOs who favored
each was am follows: RAG student pilot, 6%; squadron nugget, 24%; experienced
pilot (non-LSO), 18%; and LSO, 53%. When the LSOs were asked to identify
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TABLE 9-2. PERCENTAGE OF LSO (N-20) WHO INDICATED Tz LEVELS OF
LSO EXPERIENCE FOR WHIMI THE LSORD WOULD BE A SUITABLE
SUPPLEMENTAL TRAINING DEVICE

LSO EXPERIENCE LEVEL

Slight Experience Aboard Ship 90

Slight FCLP Experience 65

Squadron Qual. 65

Wing Qual. Returning from Non-LSO Tour 65

Extensive FCLP Experience 50

Extensive Shipboard Experience (but not Wing Qual.) 50

Naive LSO Trainee 45

Wing Qual. 35

Wing Qual. Going to RAG Duty 35

Phase I School Graduate Only 30

Wing Qual. Going to Air Wing Duty 30
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their second chcice for NCLT pilot, "experienced pilot" was highest with 63%,
followed by "squadron nugget" with 19%. These results suggest some scheduling
and utilization difficulties for the LSORD. The pilot of last choice for LSO
training was the RAG student pilot, but the NCLT is used primarily for train-
ing RAG student pilots. Based on the results of this survey, it appears that
the effectiveness of LSO training with RAG pilots should be assessed, and LSO
training should be scheduled to avoid RAG pilot training, if necessary. How-
ever, this is a comolex issue due to factors such as work load of the instruc-
tor LSO. Further analysis of LSORD utilization and its interaction with pilot
training is recommended.

Several items were frequently noted when asked about "system characteris-
tics and/or capa. ilities.. .particularly valuable to LSO training." Pitching
deck simulation was most frequently noted. MOVLAS and "pickle time" in an
adequately simulated night carrier landing environment were also items of
significant note.

Several iteits were frequently noted when asked about needed improvements
for LSO training. Overall perceptual difficulties for the "in close" and "at
the ramp" portions of the approach, and nose altitude and liaeup perception
throughout, were most frequently noted. Incorporation of additional aircraft
types into the simulation was a frequent suggestion for improving the system.

Notable coments concerning optimum utilization seem to emphasize fre-
quent utilization, use of the device between carrier ops periods (CQ, type
training) and utilization by the entire LSO comunity whenever possible.

LSO PERFORMANCE MEASURES

The LSOs were esked to rate 23 potential measures of LSO performance.
The list of cand-.date measures of LSO performance were not specifically

related to the LSORD. The underlying strategy was co allow iSOs to identify
reasonable measures cf LSO job performance, most of which can be obtained
within the NCLT/LSORD system.

Ratings were given on a five-point scale from 1 - definitely not indica-
tive of LSO performance, through 5 - definitely indicative. The mean ratings
given for the 23 potential LSO performance measures are shown in Table B-3.

The three hghest ratings were for measures which are dependent solely on
the LSO and not on a combination of LSO and pilot performance. "Correctness
and timeliness of LSO calls" received the highest rating, with 90% of the LSOs
rating it DEF:NI-LY INDICATIVE. The next two candidate performance measures
with highest rat ngs were "correct recognition of glideslope, lineup, and AOA
deviations," and "MOVLAS pcsitioning accuracy."

The remainlng 2C items all related to aircraft flight parameters or land-
ing outcome. These variables all are composite of the performance of the
pilot, aircraft, anc LSO. Therefore, the measures tend to be influenced by
the LSO, but not direct.y controlled by him.
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TABLE B-3.* MEAN AND STANDARD DEVIATION OF LSO RATINGS
OF CANDIDATE LSO PERFORMANCE MEASURES

(5 - Definitely Indicative of LSO Performance Effectiveness
5 - Indicative of LSO Performance Effectiveness
3 - Possibl.y Indicative of LSO Performance Effectiveness
2 - Probably Not Indicative of LSO Performance Effectiveness)

Candidate Performance Measures Mean S.*D.

1. Correctness and Timeliness of LSO Calls 4.90 .31
2. Correct Recognition of G.S., L.U., ADA Deviations 4.75 .44
3. MOVLAS Positioning Accuracy 4.60 .50
4. Ramp Strike Rate 4.26 .87
5. Sink Rate at Touchdown 2.95 069
6. Line Up Deviations at the Ramp 3.89 .74
7. Sink Rate at the Ramp 3.80 .76
8. Glide Slope Deviations During Approach 3.79 .98
9. Boarding Rate 3.70 .73

10. Drift Rate at the Ramp 3.68 .95
11. Hook to Ramp Distance 3.61 .70
12. Wave Off Rate 3.60 .94
13. Line Up at Touchdown 3.58 1.07
14. Sink Rate Variation During Approach 3.58 .96
15. Line Up Deviations During Approach 3.53 1.17
16. Drift Rate at Touchdown 3.50 .83
17. Angle of Attack Deviation at Ramp 3.32 .67

18. Angle of Attack Deviations During Approach 3.20 1.06
19. Bolter Rate 3.16 .69
20. Drift Rate Variation During Approach 3.00 1.17
21. Wire 2.95 .60
22. Rough Nose 2.95 1.00
23. Rough Power 2.65 .86
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The highest rating for this type of measure was "ramp strike rate," fol-
lowed by "sink rate at touchdown," and "line-up deviations at the ramp." The
lowest ratings were given for measures that most directly relate to pilot
technique - "rou(1h nose" and "rough power." These measures were rated, at
best, as "possibly indicative" of LSO performance.

A formal definition of the highest rated performance measure, "correct-
ness and timeliness of LSO calls" is currently being developed in another
NAVTRAEQUIPCEN project Borden and McCauley, (1978).B -1.

A related measure that was suggested in the questionnaire by one of the
LSOs, was "ability to call the pass correctly most of the time."

Unfortunately, from the viewpoint of ease of performance measurement, it
is the composite (pilot/aircraft/LSO) measures that are easiest to obtain from
the NCLT software. "Correctness" of LSO calls currently is a subjective
judgment, not amenable to measurement within the NCLT/LSORD system. Advances

in the NCLT pilot performance measurement system may enable it to support LSO
trainee evaluation in the LSORD.

B-I. G.J. Borden and M.E. McCauley, Computer Based LSO Carrier Aircraft
Recovery Model (Progress Report), Human Performance Research, Inc., 1978.
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APPENDIX C

QUESTIONNAIRE

EVALUATION OF LSO REVERSE DISPLAY

The Navy is conducting an evaluation of the L9O Reverse Display portion of
the A7E ).T is an !SO training tool. Commentary from the LBO community is
an important part of this evaluation. Your voluntary responses to the ques-
tions on this survey will be very beneficial to the establiasment of an
effective role for the Reverse Display in L8O training.

The following items require a scaled rating of LSO Reverse Display character-
istics and/or capabilities. With the 1 to 5 scale. a 5 is for outstanding,
3 is for fair and I is for poor.

1. Night carrier approach scene from an LSO's per-
spective:
- degree of realism from a *waving* perspective?
- adequacy for LSO training?

2. LSO workstation environment:
- degree of realism from a "waving' perspective?
- adequacy of LSO console displays for LSO training?
- adequacy of LSO controls for LSO training_
- adequacy of sound siulation for LSO training?- -

3. Simulated aircraft dynamics:
- degree of realism from a waving* perspective? _
- adequacy for LSO training?

4. Adequacy of LSO trainee evaluation:
- with instructor stationed at NCLT console?___
- with instructor stationed in the 'igloo*?

S. Overall .otential value to LSO training?

The following items are concerned with utilization of the LSO Reverse Display.
In answering me quet;ons, Keep in mind tnat the ISO Reverse Display will be
supplemental to other training aedia (such as academics, FCLP operations, CV
operations), not a stand-alone training device.

6. What phase(s) o! LSO training can be meaningfully supported by the LSO
Reverse Display?

Phase I
Phase 11
phase III

Amplify if desired

7. For which phase of LSO training is the LSEO Reverse Display best suited?

Please explain
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8. For what level s) of trainee and LSO experience is the LSO Reverse Display
suitaoe as a supplemental training device? (Check as many as you feel
are appropriate.)

naive LSO trainee
Phase I school graduate only

- slight FCLP experience
extensive FCLP experience

-slight experience aboard ship
significant experience aboard ship (Squadron Dual)
extensive shipboard experience (but not yet Wing Qual)
Wing Qual

- wing Qual LSO going to RAG LSO duty
- Wing Qual LSO going to Air Wing LSO duty
- Wing Qual LSO returning fro non-LSO tour of duty

Amplify if desired

9. What pilot skill level(&) should be use to fly the NCLT when conducting
LSO training? (Please note your first and second choices with a 1 and a 2.)

___ RAG student pilot
squadron *nugget"
experienced pilot (non-LSO)
LBO
Other (specify)

Please explain

10. Please comment on specific system characteristics and/or capabilities which
you feel are particularly valuable to LSO training:

11. Please comment on specific systa - characteristics and/or capabilities
which you feel need improvement for .SO training:

12. Comments or ideas on optimum utilization of the Reverse Display for LSO
training?
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LSO PERFORMANCE MEASUREMENT

Measurement and evaluation of LSO and trainee performance has
historically been very subjective. However, there appears to
be a high degree of consistency among skilled LSOs in the eval-
uation of trainees. Earlier studies have identified several
quali.tative characteristics, of a successful LSO. Reaction under
stress, perceptual ability, motivation and the ability to instill
confidence were rated as the most important characteristics of
the successful LSO. The Navy is attempting to determine objec-
tive and quantitative measures of LSO and trainee performance
effectiveness. These measures will be very valuable as instructor
aids in LSO training system. This survey gives you an oppor-
tunity to assess the merits of candidate objective measure.

In your assessment of the measurement items keep in mind several
factors. First, there is probably no single measure of LSO0 per-
formance quality. There is likely to be a weighted combination
of several measures. You may feel that some of the item listed
below are only indicative of pilot performance. Over a large
sample of approaches with different pilots, the influences of
pilot performance should balance out, allowing for reliable in-
ferences of L.SO performance quality. Therefore, neasures su.ch
as "boarding rate", *hook to ramp" etc. may prove to be legitimate
indicators of LSO performance. Notice that some measures are
positive indices (such as "boarding rate") and some are inverse
indices (such as "ramp strike rats"). Your responses are only
concerned with whether you think LSO performance effectiveness
has significant influence (either positive or negative) on the
particular measure in question. Also keep in mind that there is
no intent of eliminating instructor LSO0 judgement from the trainee
evaluation process. Objective, quantitative measures of LSO per-
formance are Irntended to be aids.
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In selecting your responses to the candidate performance measures below, use
the following rating guidelines:

1 - definitely not indicative of LSO performance effectiveness
2 - probably not indicative of LO performance effectiveness
3 - possibLy indicative of LSO performance effectiveness
4 - indicative of 1SO performance effectiveness
5 - definitely indicative of LSO performance effectiveness

Use an X to indicate your selection. Space is provided for additional measures
that you consider appropriate. There is also space for any amplifying comments
that you desire to include. Use the back of the sheet if necessary.

RATING
CANDIDATE MEASURES OF LSO PERFORMANCE

1. hook-to-ramp distance -

2. lineup deviation at ramp t
3. AOA deviation at ramp

4. wire -

5. lineup position at touchdown

6. sink rate at touchdown

7. drift rate at touchdown

8. sink rate t ramp - ,

9. drift rate at ramp

10. bolter rate

11. waveoff rate
12. ramp strike rate

13. boarding rate

14. mOVLAS positioning accuracy

15. correct recognition of glideslope, lineup,
AOA deviations

16. correctness and timeliness of LSO calls

17. glideslope deviations during approach I
18. lineup deviations during approach -

19. AOA deviations during approach I -
20. roughness of power during approach
21. rougnness of nose during approach
22. sink rate variation during approach

23. drift rate variation during approach i
Others:

AMPLIFYING CORMENTS:
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The following personal information is desired in order to provide demo-
graphic data lor the survey samples

a. Ye&ar as LSO (including trainee time)

b. Qual levels attained and approxaate datess
Phase I School
Field
Squadron
Team Leader
Wing
Training
Staff

c. LSO Tours completed:
Squadron
RAG
TPACOM4

Wing
PAX River
Other (Specify)

6. Specify current tour of duty:

e. Primary aircraft flown:

f. Carrier laneings (approx ate): day night.

9. Total military flight hours:

h. Cruises completed

i. Do you have significant experience instructing pilots in the A72 CLT7
- Yes __ No If yes, have you worked with LSO trainees in
Reverse Display? s- ea __ No

j. Name/rank
Unit/location

Address

Phone: autovon ___ _ _ ercial

57/58

- - -
-

-
'

- ' - - - - - - -
"



NAVTRAEQUIPCEN 79-C-0101-2

APPENDIX 0

SUBJECTIVE EVALUATION OF LSORD VISUAL SYSTEM

BACKGROUND

As part of this study to assess the training effectiveness of the LSORD,
particular atten.ion was given to its visual characteristics because of their
prime importance for training effectiveness. This section presents the re-
suits of the evaluation of the LSORD visual system.

The visual characteristics discussed here are primarily in terms of per-
ceptual and appearance characteristics rather than engineering or hardware
characteristics. The general nature of the visual display, its representa-
tional characteristics, factors affecting its suitability for training, and
current and recommended uses for training will be discussed in succession.

The LSORD visual display consists of two, 25-inch diagonal, color CR~s
abutted horizontally and mounted at eye height in the cylindrical wall of the
LSO training station, referred to as the "igloo". From the LSOs design eye
point the two CRTs provide a 80" horizontal by 32- vertical field of view.
Optical elements in front of the CRT place the display nominally at optic.l
infinity. The floor of the igloo is adjustable vertically to allow proper eye
height positioning. The LSO's eyes must be properly positioned within a fair-
ly restricted viewing volume to assure a correct perspective view of the dis-
play and to avoid the appearance of scene distortions. Line segments on the
wall of the zgloo extend the horizon line presented on the CRTS. Point light
sources in the done of the igloo represent a star field. The brightness of
the horizon segments on the wall and the star field are adjustable. The ambi-
ent illumination level within the igloo, which can be either red or white
light, and the illumination level of the lights on the LSO console are also
adjustable.

The displayed scene is produced calligraphically. That is, po'nts and
lines are drawn individually as opposed to painting a full screen raster dis-
play as done in commercial television. Calligraphic displays have a darker
background, and the potential for greater highlight brightness, thereby per-
mitting greater image contrast than is possible with raster displays. Cal-
ligraphic displays are more limited than raster displays in the number of
points and lines that can be displayed. Also, calligraphic systems are se-
verely restricted in the presentation of shaded, i.e., solid looking, surfaces
because many lines must be painted to shade a surface. Thus calligraphic dis-
plays are ge.erally suitable only for simulation of night scenes where large
amounts of detail and surface features are not apparent in the real world.

The scenes which can be presented consist of views from the LSO platform
aboard several different aircraft carriers. The viewpoint of the display of
the CRT on th.e right is oriented toward the approach path over the stern of
the recovery deck. The CRT on the left extends the view across the deck. The
LSO can see the same white and red deck and edge lighting he would see on a
carrier. The dec t status light, red (foul deck) or green (clear deck), also
appears in the scene. The edge of the carrier is drawn in blue to outline the
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appearance of the form of the carrier deck, which normally would be seen in
the real world. The horizon is represented by a blue line at the proper
depression angle. The mast lights of the plane guard destroyer appear in the
scene. A star field is not included in the scene, i.e., the sky background is
uniformly dark.

The representation of the approaching airplane, an A7E, consists of wing-
tip lights, red on the left and green on the right, the approach or angle of
attack lights, gyreen, yellow or red as appropriate, and conditionally present
depending on whether the aircraft landing gear is up or down. The white tail
light appears when it is not occluded by some portion of the aircraft struc-
ture.* The outline of the aircraft is represented by blue lines and is a wire-
frame outline, i.e., the aircraft image is transparent. Lines and wing-tip
lights which would normally be occluded by the aircraft structure can be seen.
The apparent intensity of the aircraft lights and outline increases with de-
creasing distance from the carrier similar to the real world. The rate of in-~
crease in apparent intensity is not necessarily accurate but is easily
perce' red.

When the aircraft is beyond one mile from the carrier the displayed sepa-
ration between the wing-tip lights can be up to twice the actual separation
and progressively shrinks to accurate scale at a distance of one mile. This
exaggeration was incorporated to overcome resolution limits of the display and
allow the LSO to resolve the wing-tip lights at aircraft distances where, it
is presumed, he would be able to do so in the real world. Within one mile
from the carrier the size and other perspective changes of the aircraft image
are designed to be accurate.

A novel feature of the LSORD visual display is that the line of sight of
the display follows the aircraft as it passes by the LSO. This scene rotation
permits the LSO to visually follow the progress of the aircraft through the
complete recovery or bolter cycle. With a stationary line of sight the air-
craft would disappear off the left edge of the display when it passed approxi-
mately 600 to the left of the line of sight. The scene rotation feature
appears to have both good and bad effects which will be discussed later.

The NCLT and LSORD simulation have the capability of displaying a pitch-
ing deck. In the LSO's display, the pitching deck is apparent from the rela-
tive movement of the ramp with respect to the horizon. The display horizon
remains coincident with the horizon line segments on the wall of the igloo as
it should. The igloo is not equipped with a motion base so all information
about the pitching deck comes from the visual display.

PERCEPTUAL EVALUATION OF THE LSORD VISUAL SYSTEM

The perceptual characteristics of the LSORD visual system were evaluated
by questioning LS0s familiar with the LSORD and by subsequent examination of
the LSORD by the evaluation team. In the latter evaluation numerous ap-
proaches were observed with particular attention to criticisms of the display
which were expressed by the LSOs.
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In general, LSD comments and ratings of the characteristics of the LSORD
were favorable. Some apparent perceptual problems with the display were
noted. But, overall, none of the problems were considered to be serious
enough by the LSOs to compromise the training value of the LSORD.

The evaluatoon team's impressions of the display were also favorable and
no major defic.Lencies in the v'sual presentation were discovered. While
eyeball evaluations of visual displays, particularly by non-users, are risky
at best, the b~ckground of the evaluation team was appropriate to the task.
One of the memLers of the evaluation team was a former LSO, one has had
extensive experience watching approaches from the LSO position while
monitoring LSO performance during day and night FCLP and carrier operations,
two are specialists in perception and one is extensively involved in work on
visual simulation requirements.

Problems with the visual display identified by the LSOs include: oc-
casional color separation (white and yellow lights appear decomposed into
primary colors, particularly red and green) in some areas of the display;
jitter of the plane guard destroyer lights and aircraft wing-tip lights; ome
distracting reflections on the display face; difficulties judging lineup and
glideslope "in close" and "at the ramp"; too early a start of scene rotation;
an apparent suciden drop of the aircraft during scene rotation; difficulty in
judging nose attitude and quickly detecting nose attitude changes; judging
lineup errors. These are discussed below.

COLOR COVERGENCE. During the course of a day, trie color alignment of the CRTs
may go out of adjustment. Thus, colored lights, such as the AOA indexer
lights will appear doubled, i.e., two points of light will appear next to each
other although only one light should be seen.

A range of colors is generated in the displayed scene jy exciting, in the
proper proportions, the red, green, and blue phosphors on the surface of the
CRT screen. For example, the appearance of yellow is basically achieved by
exciting adjacent red and green phosphors. The eye perceives the combination
of red and green light as yellow. The different colored phosphors are spaced
closely so that when ad3acent phosphors of different colors are excited only a
single point of light is apparent to the viewer. The color of the point of
light will depend on the relative intensity of the different colored phosphors
which make up the point. If the electron beams which excite the phosphors do
not converge properly then non-adjacent phosphors will be excited and what
should appear as a single, colored point of light will be seen as two points
of light of different colors. In the LSORD poor color convergence is most
obvious and disturbing for the yellow AOA indexer light. If color convergence
is out of adjustment, the yellow light will appear as a pair of lights, one
green and one red. Because of the importance of -ne information conveyed by
the AOA indexer lights, proper color convergence must be maintained.

Recommendation - Achieving proper color convergence is a simple technical
matter involving adjustment of the CRT beam deflection circuitry. Instructors
using the LSORD should pzy attention to the appearance of colored lights in
the display an- be sure thdt proper color convergence is maintained.
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A better solution to the color convergence problem would be to improve
thelon tem sabiityof he eamdefectoncircuitry so that users of the
LSOD ned ot e brdeed iththetas offrequently checking and adjusting
the olo coverenc ofthedislay. I istherefore recommended that the
colr cnvegene poblm b inestgatd b atechnically qualified individ-

ual with the objective of improving the long term stability of the color con-
vergence in the LSORD.

JITT~ER. LSOs and the evaluation team noticed that the mast lights of the
plane guard destroyer appeared to jitter slightly. 1.30. have also reported
noticing some jitter of the aircraft wing-tip lights. The cause of the jitter
is probably due to either the limitation of the accuracy of the calculation of
the position of the light points, or the size of the separation between the
discrete points on the screen at which the lights may appear. The effect, in
either case, is that the displayed position of lights in the scene will fluc-
tuate randomly (jitter) between adjacent, but noticeably distinct, points on
the screen. other than being slightly distracting, it is not likely that a
slight Amount of jitter will affect the training effectiveness of the LSORD.
If jitter is apparent to an LSO he will quickly learn to discount it as a
small anomaly in the simulation.

Recommendat.on - Because of the critical cue importance of the relative
alignment of the AOA -"ndexer lights and the wing-tip lights, it may be worth-
while to investigate the cause of the jitter and make the necessary fix.

EXTRANEOUS REFLECTIONS. The inside of the igloo is dark. Reflections frnm
the CRT display are easily noticed. Some reflections originate within the
display itself and others come from lights on the LSO0 console. Lights on. the
aircraft increase in intensity as it approaches the carrier. At some distance
the aircraft lights are sufficiently intense to cause reflections off the
inside surface of the collimating lens in front of the CRT and appear on the
CRT face. The apparent intensity of these internal reflections is fairly weak
and probably do not cause any significant problems. Light from the LSO
console and the MOVLAS position indicator in particular, can cause very
intense reflections to be seen on the surface of the display. Since the
intensity of these lights is adjustable the reflections easily can be avoided
by maintaining the intensity of the console and MOVLAS lights at the lowest
level consistent with their being visible.

Recosmendation - No technical fix for the reflections, internal or
external to the display, is necessary. Instructors, however, should check to
be sure that the console lights are kept at a sufficiently low intensity to
avoid the appearance of the reflections on the display surface.

AMBIENT ILLUMINATION LEVEL. No problems associated with the ambient illumina-
tion in the igloo of the LSORD have been reported. However, because of the
importance of the effects of the ambient light level on perception and train-
ing practices in the LSORD it seemed appropriate to make some coments on
ambient illumination level.
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The ambiert lighting .n the LSORD igloo is provided by both red and white
light..ng systems whi..ch are independently adjustable in intem.sity. Normally,
the intensity of -.he Light in the igloo is maintained at a very low level so
that features of the room are not visible other than the star field and
extended horizon- line.

There are several advantages to maintaining a low amhian light level in
the igloo, all of waich are not necessarily obvious. It is worth mentioning
these reasons to encourage the practice of maintaining a low ambient light
level in the igloo. ?irst, the low ambient light level enhances the apparent
contrast of the dim lines, such as the carrier deck outline, in the display.

Second, the enx&ire simulation appears more realistically as a night envi-
ronment which reduces the possibility of perceptual error3 in judging distance
and aircraft position due to conflicts of cues presented in the scene and
those which can occur due to perceiving the characteristics of the simulation
environment, i.e., the relatively near walls, edge of the CRT and refloc-
tions.

Third, eacn LSO will work in an environment almost as dark as on a real
carrier. Thib is important because visual abilities at n'i.ght vary consider-
ably among LndividvIs. For example, acuity and contrast sensitivity can be
very different for two individuals who have equal tcuity in the day. A major
reason for thbi difference is due to a phenomena '-own as right myopia, which
is a focusing of thL eyes to a nearer distance thar. appropriate.

Zn the real world and the LSORD, the importan- features of the scene,
i.e., the aircraft and deck lines and lighting appear at a distance greater
than 20 feet which -ecuires far focusing of the e'es. In dark environmerts,
however, the majori'uy of individuals are unable to achieve far focus. That
is, they are suhject to night myopia and focus to a nearer distance thn --hey
should. The amount of night myopia exhibited vari"s consi&er:.bly amon- indi-
viduals. The greater the night myopia, the worse All be acu ty and contrast
sensitivity.

Normally, --n nd4dividal does not notice the tiffects of naght myopia,
because he has never seen the night environment in any other way. Each indi-
vidual, however, learns to interpret nighttime scenes accord.ing to the way
they appear to -.m :,r her. Since the low light le'el in the LSORD approxi-
mates a night environment, each LSO will use the --%me visual ability he has in
the real night environment. If higher ambient li±.t love. were used in the
LSORD, LSOs would bo. using their daytime visual an.lities =nd not have the
training benef- of being required to use their In:r ividusi":? determined naght
visual abilities. 'That is, their visual tasks wou'.d be easter than they
probably are under real night conditions.

Working in low ambient light levels in the LSORD requires some dark adap-
tation. Three to five minutes in the darkened LSORD igloo .s sufficieant time
to adapt after leavnq brightly lighted areas such as the exterior offices or
outdoors. Mainiain.ng the hall leading to the igloo at a dIm light level
helps to promote anm" maintrin dark adaptation and .voids the need to light
seal t'he icloo. T: nterior lights of the Igloc can be zalsed for
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discussions or other training purposes without requiring another period of

dark adaptation before diming them again to view the display as long as the

lights are not turned up too high. Using either the red or white lights -is a
matter of choi.ce. Red lights are customarily used to preserve or permit quick

recovery of dark ad.ptation of peripheral vision. Because the LSORD environ-
ment is not actually as dark as real night, and the features of the scene in-

cluding the star fi ld and extended horizon line are actually brighter than

they are in the real world, using dim red lighting in the LSORB does not offer
any significa-nt practical advantage over using dim white light-Ing. Either
lighting system can be used without any serious consequences for dark adapta-

tion when it is necessary to increase the ambient illumination for discussion
or other training purposes.

Recommendation - The practice of maintaining a dark ambient environment

in the igloo is encoaraged. The minor problems of waiting a few minutes for
initial dark adaptation and a little fumbling in the dark is greatly offset by
the adva-ntages cf working with the LSORD under conditions of darkness similar
to that of t.he real world. When it is necessary to temporarUiy raise the

lights i the i:'oo, either the red or white lighting system can be used but
the light level should be no higher than necessary to avoid the need to re-

adapt to the dark.

DIFFICULTIES IN JUDG:NG LITN!JP AND GLIDESLOPE. The difficulties of judgig

lineup, dIistance and glideslope are probably interrelated and result from lack
of visual cues :o distance m-lthough this is by no means certain. Difficulty
in the perception of distance in the LSORD is a likely cause of the diffI-
culties in perceiving lineup and glideslope. A discussion of factors that may
affect distance perc-ption in the LSORD is given below:

1. Importtnce of distance perception in the LSO task. Even under the
best of circumstances in the real world the LSO must perform a difficult per-

ceptual task. -ile waving an approach the LSO principally is concerned with

the aircraft's posit-on and change of position in lineup and glideslope. To
assess whether an aircraft is properly lined up and on glideslope the LSO must
be able to perceive Lccurately the distance of the aircraft from the carrier.

T'he 'SO views t .e approach path from an off-angle position on the port

side of the crrier, approximately 80 to 100 feet from the centerline. The

elevation and azimuth angles of the LSO's line of sight to the aircraft become
shallower and more to t-he left, respectively, as the aircraft moves closer to

the carrier. The LSC implicitly or explicitly uses fixed references in his
field of view such as the ramp, deck edge, lighting, horizon, and/or other

features to judge whether the azimuth angle (lineup, and elevation angle
(glideslope) of the aircraft are correct. Whether a particalar position of

the a/ir-raft in zimuth and elevation, relative to the features in the LSO's
field of view, i-rdicates correct or incorrect lineup and/or glideslope depends
on the distance .. f the aircraft from the carrier. A particular combination of

elevation and az-mut:h angle to the aircraft indicates correct lineup and

glideslope only for one parti.cular distance. If the aircraft were more dis-

tant the particu.ar angles would indicate that the aircraft is to the right

and low. At a nearer distance the same angles would indicate that the

64

-- -- " .. , - , 1 L 1 .. .. . |1lt .. . . . . .. . . ..-e.. .. .. . . .. .



NAVTRALEQUIPCEN 79-C-O C '-2

aircraft is hi.- rd to the left. Thus, the accuracy of the LSO's perceptions

of lineup and lideslope are critically related to his ah-ility to accur&,ely
perceive airc.aft cistance.

2. 7tace eavailable to the LSO. In -he zeal worlQ recovery envi-

ronn.ent, esser.tia-ly the same types of distance -ues are available during both
night and day, bul they are not as salient at niahr. The types of visual cues
to distance zthat are available include size (seoaration between wr.g-t4p
lights', relat-e -otion, rflative intensity (brdghtness) of :.he rcraf-
lights, and sterecncpic nepth perception. The first three distance cues

listed do no: rea ire the use of two eyes and are therefore ,eferred to
monocular cues. The last cue listed requires viewing wit.-, wo eyeb and is
therefore called t binocular cue. It should be urderstood :.hat although a.
LSC is said :- be *us.ng these distance cues, it does not mear that he is
consciously aware :f :he orocess. Norally, an LSO, like othi-r" people,
experienc.s tne imoressior of distance directly ;.rd is no_ aware of the

perceptual activities involved in using the varic.s d.stance cues. Each of
the cues discussed below can be explicitly noticed with some conscious
direction of atten:ion to them, but usually only the result-' of 'asing these
cues, i.e., the pe.cept-on of distance, is experiencrced. :r the follcwing, the
cues to distance &.e disctssed as if deliberate attention we.s directed to

them, but this is inly a convention to simplify explanation.

&. 's4z,. ,_ze -L probably the most Important distance cue avai...able to
the LSO. There ar6 two related ways that the LSO can use size to 7udge
distance :o the aircraft. First, the angular size of the separation between
the wing--ip light _; can be compared to features such as t1ie saparation be-ween
the ramp lights wh.ch .remain at a fixed distance and size in the 'SO's field
of view. T.hese fixed features are, in effect, rulers with which to compare
the size of the secaretion between the aircraft wing-tip lights. Since the
angular size of t-.h separation between the wing-tip lights .s dir-ectly reiated
to the distance of t-ve aircraft, the relative size car be txrteotuelly z.rans-
lated into &. anc of the aircraft. Even withou: other featares to make size
comnarisonc - e ..;0, t-irough experience, becomes familiar with the angular
size sf the separation between the wing-tip lights throughout the approach and
can use this remembered size information to judge distance of the aircraft.

2b. Relative motion. An aircraft on lineup and glideslope as it ap-

proaches the carriur will appear to move downward and to the left in the LSO's
field of view. Tht rate of these movements will increase as zhe aircraft gets
closer to the :arr-er. T~e leftward and downwarf rates of movement at ay
point in time duri: g the approach are cues to the distance cf the a;rcraft.
These relat:.v: mtr.on cues, however, are partial-y ambiguouar :f t-he aircraft
is deviating from the desired lineup or glideslope, some conponent of the

relative motion is an indicator of flight path deviation. Since the LSO has

other cues to distance and has been r-beerving the continuous process of the
approach, he i able to resolve the relative motion cues .:nto -he "normal*
components of rotion wh.ch indicate distance and the "abnorna_" cues which
indicate deviat'.on The same relative motion cues which are available :n the
real world are avtllable in the LSORD.
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2c. Relative intensity of aircraft lights. The intensity 'brightness) of
the aircraft wing-tip, AOA indexer and tail lights increases as the aircraft
approaches the carrier. At night the intensity of the aircraft lights is a
cue to distance. The intensity of the aircraft lights is inversely propDor-
tional to the square of the distance of the aircraft from the carrier. For
example, when the aircraft is one-quarter mile from the carrier the lights are
four times more intense than when the aircraft is one-half mile from the car-
rier. The absolute intensity of the lights are probably not as much of a cue
to distance of the aircraft as is the rate of increase of intensity during the
course of the approach.

In the LSORD the i ntensity of the aircraft lights also increase during
the approach. In -he !SORD the aircraft lights increase in intensity from the
lowest level at a :ange of 40 miles to the maximum intensity at a range of 100
feet from the LSO position. Because of limitations in the brightness of
lights in the LSORD, it is unlikely that the change in light intensity is as
great as would occur in the real world. Since the LSO is primarily concerned
with aircraft distunce from about one mile out to the ramp, it would probably
be desirable to have the intensity of the aircraft lights increase over the
range possible in %he LSORD from the minimum at one or one and one-half miles
to the maximum at the ramp. in other words, it would be better to have the
usable range of intansity of the LSORD applied to the section of the approach
where relative brightness is most useful to the LSO.

2d. Stereoosii:. Stereopsis is the ability to discriminate distance using
two eyes. In tne real world, because each eye has a slightly different view-
point, the angular relations of objects in the scene are also slightly differ-
ent for each eye. The human visual system is able to use these slight differ-
ences to resolve distance. An imporant point about stereopsis is that it does
not provide informution about the distance from the observer to some object.
Stereopsis only prcvides information about the distance between two objects in
front of the observer. Thus, stereopsis cannot indicate, by itself, the dis-
tance from the LSO to the aircraft but can provide very good information about
the distance between the ramp and the aircraft.

In the LSORD, distance perception through stereopsis is not possible
because all parts of the image on the CRT appear at one distance, i.e., near
optical infinity. Even though the LSO views the display with two eyes, there
are no real differences in depth between features in the scene. The lack of
the stereoscopic visual cue is probably the single most important factor which
makes distance perception more difficult in the LSORD than in the real world.
It mist be stated, however, that providing a snereo display in the LSORD would
be very expensive. It would also impose certain constraints on the viewing
situation which would probably be more detrimental to the training effective-
ness of the LSORD than the absence of the stereoscopic cue to distance.
Distance perception can be adequately supported in the LSORD by the non-
stereoscopic cues, i.e., the so-called monocular cues, discussed above.

3. implcati:,ns for lineup and glideslope perception in the LSORD The
visual cues discussed above are the principal sources of distance information
available to the L O in the real world. The same cues, with the exception of
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stereopsis, ac'2- avAiilable in the LSORD. in both situations, the LSO must be
able to accuratel" perce:' e aircraft distance in sider to acctirately perceive
lineup and gjlctes1.upe of the aircraft thro~ughout tie &ppr cz:,.

The pnob-u-ns )f dlsence perception1, and henz- , Lineupn clde~c
percaption, Ln trie L-cZQD are probably not due to the absenct !-, pnies present
in the reel icrld, s-uch &-- steieopsis, ' -ut beca,.,t , of the ore ;ence of 0-.'er
cues which *.e!L th - LSO n is viewing a picture Lr2 not tit.c r a2 wcrld,

Sligjht diato:-i:ns w-.ith h ead movement, vlewing a flat sceA- ( tarec cue -to
flatness), gl :-e fror.- the screen face, !& limited field of .:.a, realistic
color (blue d--ck edge outline), the dividing line. b-,etween tn.e CRT screen-".. and
the knowledge that thea L.SC is looking at a simulated disp-'exr, &re &11 ma.
factors whik:h ac raulate to suggest picture viewt'ng ratheci than re~l world
view--.g. onc: of -ese .uffects disable r-he LSO f=om usinc- n-L-e cu;es availrlae
in tn-. LSORD !b:. c.,ey czan alter the vie*2.rg situation in 3,te -~/Z So na
the -SO does n~t xerceive~ things in the LSORD in -. cactly :hha szsrne -way a~s th~e
real worldL. 7-30~ develops an acute senslttivit. o the Pereptuial cues -c
essary to wave airc.raft. Because of the sensitiv4ity to r-ru cues, 2.n
LSO wdill also -,e sans--tive to small differences betClween t~ie rraC' World id the
scen-3 dis.-.la"uI i the :,SCRD.

.Ov-ccL--in,- perceptual difficulties. Tht :)erceptuil. diffi:cul-eF re-
portec., by t-i-c LSOz Jr. yadcjing lineup and glideslz,.e can b, c--.-rcom Li twoc
principal vay.,. JK-rst, tedisplay could be made. more e icby prov:nding
a st areoscopic di:ap-la:-. Second, they car, be overc me thro ,uct, 2;. rceptua.'

learning. arvdi - tereoscopic disp'.iy in I. LSORD wou, ld -,Y ver,'e,* n
sive and even ;.. t 'ch-ical .y and economically fearible, woulc res!:lt in a very
small gain- :.n tra iii4r.,j e.fectiveness. The gain wudbe beca..se e
LSORD is eay uddbyteLstobe very rcalistic a~nd learning in prac-
tice of i-nt; r-pret;..g -,erceptual cues is only one part of nctza.-Ling in the
LSOR0.

Throuc-.~ lZE earning an LSO can overczrne the ± -- ,sfrences bet..een
the reaal 'wor2.c and tlhe Z3ICRD. In the re&! won"1 -n LSO b:cczzes 'recali-brited"
when g-oing Zrnor - '-v' (-f carrier to another or from FC-"P to a carrier, The

vie~ngsita.:~;d- ffer only slightly b,,t the -Z,:) must, ~:odoes, adjust to
these differentc2s. -- Te a.me type oi perceptual :>:aira: .' E~o can occ-ur
in tne LSORD. 7h-. a:- *ew fundamental e-ifferences i.n th-e ?,,erceptu&: s-tua-
tion ;between wz .. o-d and the LSORD. The cue of stercyQ,-S- is abs-ent
and the3re rAy &-e din .z fferences in th- -utilit,- of the ~albecues, such
as relative A-en t., ±c the presence of -ues inich suc-gost .3=-. ati on as

opposed to ru .. -i in.The perceptual inig cru rch
expeii-ance 4-n o-C 1in result in -ie LSO na-kitng bet--u:- of c~ th-e 'il

abl~e cues -ng' i.-ie extraneous cv:es to si;n.Ulat-1o-. p-'ct: :oblems
whici are no.-:-ea'D e nen an LSO first cncounter. :.he LSC?7 L !re kely tc
dis&-Dpear wi- -x r-anc*2 n the LSORD.

?ercet~i.~ ~ oes not necessarily rec-I. re de n':rt itr:cuional
effort, butit. ca. si~eo "- the process. Certain instrUL:Lni ac-d ;-n th'e
LSOR:, can he --s o tsend!. For exam-pie, the c.:css haiz;- sci lneup
and glideslcrnc ios ;.t-on. presented momentarily by the ic~rduring the
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course of an aor:oacn, would help the LSO to learn where the aircraf z image
should appear fc- a good approach. The cross hair. carnot b used continuoas-
ly, however. bec>tase the o)3ect is to have the LSC tumickly lear-n to interpret
the intrinsic cues :.n the scene and not to deend or. ar-ific'al cues.

it should h- e:hasized that learning to interp.)ret the LSORD scene will
not cat'st: mispei:,ept.o.os ";.n the real world. The LS0 will leaenm to make better
use of t-he cues aaae i- the LSORD, which are &.Iso preser. in the real
world, to comne-sate for _-iose cues, such as stereopsis, ti-.at ere absent. The
LSO will not l.e z-i tx, use zes which are nique to the simulation. None ap-
pear to be present :,n the LSORD, and if t hey were present, they would have to
be eliminated. 2ince the cues to simulation, which the LSO will learn to
ignore, are not ;-esunt in the real world, they wil.l not affect his perfor-m-
ance when he waves aircraf-t in the real world.

In su ary, tht perceptua! problems experiencet by the LSOs in budging
lineup nd g d Aox LSORD are probably due to difficulties in udging
distanzeo Becat .e z,:st of the real world cues are available in the LSORDO, an
LSO, --- ough exl-rience. wall learn to make better use of these cues and
ignore .'e cu.s zhat are un.-que to the si'mlation.

Recommenat-on - :t is probably not worthwhil? to try to increase the
realis= of the zmuLdt-on Dy providing a stereoscopf.c display to overcome ini-
tial dficulties in perceiving lineup and glideslo-e. But is is important to
recognize that . period of perceptual learn..ng wili be necessary to overcome

these d.fficult:.-s az.id t hzs may be facilitated by .rstruction end use of the
aids available _-i the LSOD.

PERCEPTUAL PRCBL :MS I-SSOC:ATlD WITH SCENE ROTATION. An unusual feature of the
LSORD s-imulatior. is -.he automatic rotation of the ISO's line of sight at about
the tine the al.cra'-t passes 450 abeam of the LSO, The purpose of scene rota-
tion i to al.ov th*, LSO to follow the approach thr-ough to its conclusion,
either & trap o-" a ho.'.-er Without scene rotation the aircraft image would
pass through the display area of the left-hand CRT and disappear before tou:h-
down. Sz:ene rouation keeps the line of sight to the aircraft approximately
centered in the -. gh,.-hand CRT; the aircraft image never pasres into .he left-
hand CRT area. t:f .he LSO's eyes are not positioned in exsctly tho right
place a slight dscentcnui-: in the displayed scene is appzzen where the two
CRTs abutt. A .,cor<.!ary affect of scene rotation therefore is to prevent the
aircraft Lmzge :on :r-tssi. the CRT boundary and tl/.ereby rreclue any a o -
sible 6istortion of the aircraft image or Its path -ust prior to touchdown.

LSOs have reported two minor perceptual proble-.s wici". occur during scene

rotation, difficulty i. assessing final actions of the aircraft and an appar-
ent sudden 'drop' of the ,"ircraft.

Starz - si n rc>.tion. Some LSOs, who h'.ve had extensive exper-
ience with tbh- ZR.3Z; nave commented that scene rcta.tion occurs a little zoo
early snd causes sor. Izis-;ption in the LSO's abili:y to assess the final
actions of the zcrpft as Lt passes from the ramp to the toucndown Point.
One LSO has ucestec. that scene rotation should start abouL- one second later
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than 4t does c:re.rtly. -.*he probable benefit of delayin; scene rotation by
one second or so wculd be to maintain the stable frame of reference provided
by t-he carrler deck and other features in the background, A staDla background
is probably nfe ss,.ry to n-otice final actions of -.he aircraft, such as diving
for r-he deck cf: last minute attitude changes.

'rot o - t he -_rcraft during 3cene rotation. Du-:inq sca:ne rotation,

a suI.den lcrop' o the airzraft is apparent as iz passes by. This drop of the
aircraft els cw:S :oticeable by the eval'ation te,m. The cause cf the drxo is
very Ikely to bc due tc " perceptual effect of !.cene totation. During scene

rotr.tion, the .. ne of sight tracks the aircraft :i-d the image of the aircraft,
while movinc horizontbl_'v with respect to the background of the scene, remains

horizontally s-zationant, with respect to the frame of reference provided by the
CRT face. Th.ne aircraft image, however, continues to descend, i4.e.: move ver-
tically, with zespect to both the background and zhe CRT fate. The onset of
scene zotati-n.. in effect, stops the apparent horizontal trael of the air-
craft wnile ieazcent appears to proceed normally. Thus, the vertical component
of the aircraft motior. -s prominent with respect to its horzontal motion and
the zircraft al.pears zo disp suddenly.

T.-at thiLs crc, is d6ue to the perceptual effects reslting from scene
rotation rat:he- then some anomaly in the simulation ii readily determined by
obse-vng s-_ verdl replays of the sameapproach and alternately concentrating on

the aircraft m.vem.nt w respect to the backgrc,:.nd and wi'L respect to the
frame 3fthe C . : n the former case, the sudden rop is not apparent and in
the latter case it is. :'r-ing these observationa 3articulcz attention was
paid to th- movemen t of t:'- aircraft image in relation to ^--e hor. on line and
deck edge. No umo cr stdIen downward movement ci the airc:rft oage war

seen.

5-_ane rot,.ion 1-. the LSORD substitutes for -te normal t. n ng of the

eyes and haai ,f an ISO following the path of an aircraft during a reaL world
approecd and .rndiag. 7:rning of the eyes and head is a rcrmal activity in
everylay life. Th. h=nan :isual system takes those eye and heAd movements
into account ar-d the wor-d appears to re.ain stable, i.e., ioes not shift
position with fhiZts .n the direction of gaze. Because eye arsu head movements

are not made i- th! LCQRO: there is a perceptual conflict &,de 4o the akpear-
ance of the rotatiiD of -the line of sight and the absence o- eye and head
movements whic no-mally _roduce changes in the i'-.ie of sight. The rotation
of ths entir- acene pressnt-ed over a fairly wide field of v.ew of the LSORD
helps to avrccma t-,is conflict and to produce the correct perception, but it
does not a...vy :ooetsate completely for the abrence of -uh;. eye and heed
moveerts 4.-c. accompany ? change in tre line of ,3ight. T.. the aircraft
image can t xoe-t drop svaddenly even though the 3imulation is correct. LSOS
have oczasicna~ly cimnten.ed that when they thought either d one or two vr-re
would - co'-,-r. on -ra-, to their surpriae, the -,SORD reported a three or
four vire a-t - ,s , , be, a secondary effect of the apparant sudden- drop
of t e aircraf c: du.xI-n scene rotation.

.eo e:-.d;tlo_3 - Nellher of the two reported percep'toa, pobmo associ-

ated with scenc rot ,t:.on aee considered serious nd are unlkely to have any
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significant effect on the training effectiveness of the LSORD. It is recom-
mended, however, that additional delays of the star- of scene rotation be
tried and evaluated ay experienced LSOs to determine if delay-.ng the start
time for scene rotat-on will improve the ability of LSOs to assess actions of
the aircraft after it passes the ramp and before touchdown.

Since the sudden drop of the aircraft image is considered to be a percep-
tual effect rather than an anomaly in the simulation, no changes in the simu-
lation are likely to be beneficial. Deleting scene rotation would avoid the
drop effect but would probably create the more serious deficiency of preclud-
ing the LSO from observing the completion of the landing because the aircraft
image would quickly ?ass out of the field of view on the left. it is recom-
mended that .n the event an LSO notices the apparent drop of the aircraft
during scene rotaticn that he be told the cause of this effect and be advised
to concentrate his attention on the aircraft and background scene.

PROBLEMS IN THE PERCZPTION OF PITCH ATTITUDE/AOA. A distinction must be made
between perceptual problems which are the consequence of going from a full
cue, real world environment to the slightly restricted cue environment of the
LSORD and perceptual problems which are due to errors in the way the real
world is represented in simulation. The third type of perceptual problem
reported by LSOs, difficulty in judging pitch angle, or angle of attack of the
approaching aircraft, is likely to fall in the second category of problems.
This is likely, because the pitch angle persists ir appearing incorrect to the
LSOs even after long periods of experience in the LSORD.

Whether the pitch angle of the aircraft is correctly represented in the
simulation cannot be determined simply by looking at the display. The reports
by the LSOs indicate that the aircraft consistently has a higher pitch angle
than is appropriate for the way the aircraft behaves during the approach.
Using the LSO reports as a starting point, it woud be worthwhile to carefully
investigate the simulation software to ensure that it is accurately represent-
ing the aircraft dynamics during the latter stages of the approach.

Recommendation - The pitch angle problem could be due either Io an error
in the software or the fact that the aircraft dynamics are not modeled cor-
rectly or in sufficient detail to produce the proper visual appearance in the
LSORD. Careful comparisons of A-7E aircraft approaches with the LSORD display
would probably be useful. In any event, the reported problem of the appear-
ance of the pitch angle of the aircraft in the LSORD should be investigated
from a technical standpoint to determine why there is a discrepancy between
the appearance of the aircraft pitch angle and how LSOs report it should
look.

SUMMARY

:n regard zo the visual characteristics of the LSORD, no serious defi-
ciencies were discovered in either the design or operation of the display
system which would have a major impact on the training effectiveness of the
LSORD.
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A few problems which should be corrected or investigated further were
reported by LSOs familiar with the LSORD. The evaluation team paid particular
attention to these problems when working with the LSORD. These problems were
either tec.hnical, i.e., requiring adjustment or alteration of the display sys-
tem, or perceptual, i.e., due to differences between the real world visual
environment and the simulated environment of the LSORD. None of the percep-
tual problems were considered serious enough to raise doubts about the train-
ing effectiveness of the LSORD. Recommended actions for the problems related
to the visual characteristics of LSORD were given following the discussion of
each problem.
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APPENDIX E

PHASE II SYLLABUS

Assumptions/Considerations:

Goal of training is for trainee to be able to conduct unsupervised

FCLP workup of fleet pilots

Syllabus tailored to A-7 community (LSO Reverse Display available)

Trainee enters syllabus with Phase I school, or equivalent preparation

Multiple instructor LSOs available

Syllabus extends over two FCLP workup periods

Syllabus events coordinated with FCLP schedule

About 4 - 6 trainees per "class"

Learning Strategy:

Two stage syllabus

First stage (first FCLP workup period) oriented to early "hands on,"

basic waving

Second stage (second FCLP workup period) oriented to pilot training

aspects o-. FCLP and unusual operating conditions

Media:

FCLP operations

LSO Reverse Display

Lectures

Reference materials (LSO NATOPS, A7 NATOPS, Airfield Ops Manual, LSO

Training Guide)

CV Operations

Syllabus Event Summary:

FCLP-15

LSO Reverse Display - 20

Lectures - 15

CV Operations - 1
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SYLLABUS EVENTS, STAGE I:

I-i Academic- Group Participation 1 hour

Phase II Syllabus Introduction

Topics:

Learning goal and objectives; Stage I LSO waving role
Sequence of syllabus events and media employed
General conduct of training events
Potential variances in sequence and causes;need for flexibility
Reference materials
Review of LSO job responsibilities
Review of general LSO decision making process and influencing

factors

1-2 FCLP Day and Night Sessions Group Participation

Introduction to FCLP

Instructor guides general familiarization of FCLP environment and
observation of approaches

1-3 Academic Group Participation 45 minutes

Aircraft Flight Characteristics

Topics:

Glideslope, lineup, speed control
Approach systems (APC, DLC, ...)
Approach tendencies, correction limitations
Visual gouges for speed/AOA
Malfunctions relevant to FCLP

1-4 Academic Group Participation 45 minutes

Approach Parameters and Informative Calls

Topics:

Glideslope deviations
Lineup deviations
AOA deviations
Range segments of approach
Correlation of parameters to informative calls
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SYLLABUS EVENTS: Stage I (continued)

I-5 FCLP Group Participation

Approach Parameters and Informative Calls

Instructor points out glideslope, lineup, AOA and range varia-
tions; also reviews aircraft flight characteristics

1-6 LSORD Group Participation 1 hours

LSORD Familiarization

Instructor points out features and procedures of LSORD; pairs
of txainees spend about 20 minutes each in igloo observing
approaches and operating relevant system functions (crosshairs,
lighting controls, ...); trainees alternate flying NCLT

LSORD Features:

Canned approaches
Crosshairs
Rerun

1-7 LSORD 2-3 Trainees 1 -2 hours

Glideslope and Informative Calls

Trainee initially observes approaches while instructor guides
learning of glideslope deviations and range segments; frequent
use of crosshair and rerun; trainee points out deviations by
using informative calls; each trainee spends about 35 minutes in
igloo.

LSORD Features:

Canned Approaches
Crosshairs
Rerun

I-8 FCLP Group Participation

Glideslope and Informative Calls

Instructor guides trainee detection of glideslope deviations and
range segments; trainee points out deviations and use of infor-
mative calls
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SYLLABUS EVENTS: Stage I (continued)

1-9 LSORD 2-3 Trainees 1i-2 hours

Lineup, AOA and Informative Calls

Initial portion of session is warmup with glideslope and range
segments; instructor then guides learning of lineup and AOA de-
viations; trainee points out deviations by using informative
calls

LSORD Features:

Canned approaches
Crosshairs
Rerun

1-10 FCLP Group Participation

Lineup, AOA and Informative Calls

Instructor guides trainee detection of lineup and AOA deviations;
trainee points out deviations and use of informative calls

I-ll LSORD 2-3 Trainees 1 -2 hours

Practice

Trairee practices glideslope, lineup and AOA informative calls

LSORD Features:

Crosshairs
Rerun

1-12 Academic Group Participation 1 hour

Waveoff

Topics:

Waveoff window concept
Factors influencing the waveoff decision
Typical waveoff situations
Discussions of aircraft accidents in which the waveoff decision

(or non-decision') was a factor
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SYLLABUS EVENTS: Stage I (continued)

1-13 LSORD 2-3 Trainees ih-2 hours

Waveoff

:nstructor guides NCLT pilot in the demonstration of approaches
requiring waveoff; trainee exercises waveoff decision process;
;se of voice and pickle included; incorporation of foul deck light
.nto waving scan

LSORD Features:

Canned approaches
Crosshairs
Rerun
Foul deck light

1-14 FCLP Group Participation

FCLP Review

Trainee "talks through" the approaches with instructor, pointing
out deviations and appropriate calls to be made, instructor alert
for, and points out, waveoff situations

1-15 Academic Group Participation 45 minutes

Pilot Corrections

Topics:

Pilot power and attitude corrections
Pilot neglect of approach cues (glideslope, lineup, AOA, scan

breakdown)
Approach parameter trends
Pilot responsiveness factors
New LSO calls - power, attitude, right/left for lineup

1-16 LSORD 2-3 Trainees 1i-2 hours

Power and Attitude

7rainee use of new calls as well as others learned
prior; continued emphasis on waveoff

LSORD ZATURES:

C:ossnairs
' erun

"SCORE" display in rerun
Foul deck light
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SYLLABUS EVENTS: Stage I (continued)

1-17 FCLP Group Participation

FCLP Review

Trainee "talks through" the approaches with instructor; emphasis
on power, attitude and waveoff situations

1-18 LSORD 2-3 Trainees Ih-2 hours

Practice

Trainee exercise waving skills acquired thus far

LSORD Features:

Rerun
Foul deck light

1-19 Academic Group Participation 45 minutes

Remaining LSO Calls

Topics:

Remaining LSO calls and situations for their use
Overall review of the LSO decision process and call repertoire
Non-standard calls to be avoided

1-20 LSORD 2-3 Trainees 1 -2 hours

Practice

Trainee exercise waving skills; emphasis on use of new calls

LSORD Features:

Rerun
Foul deck light

1-21 Academic Group Participation 1 hour

Grading Approaches

Topics:

Grading and pilot diagnosis philosophy
Grading criteria
Diagnostic commentary
LSO shorthand; writing book
Debriefing techniques
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1-22 LSORD 2-3 Trainees 1 -2 hours

Grading Approaches

Trainees wave and grade approaches; frequent use of rerun to
develop approach recall skill

LSORD Features:

Canned Approaches
Crosshairs
Reruns
Foul deck light

1-23 FCLP Group Participation

FCLP Grading

Trainees wave some approaches (if possible); trainees intro-
duced to grading and diagnostic commentary; trainees observe
FCLP debriefing

1-24 LSORD 2-3 Trainees lh-2 hours

Practice

Trainee practices waving with continued emphasis on grading

LSORD Features:

Crossnairs
Rerun
Foul deck light

1-25 FCLP Group Participation

Trainee wave some approaches (if possible); grade approaches,
write book; observe FCLP debrief

1-26 LSORD 2-3 Trainees 1 -2 hours

Practice

Trainee practice waving and grading; trainee debrief NCLT pilot

LSORD Features:

Rerun
Foul deck light
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SYLLABUS EVENTS, STAGE I: (continued)

1-27 Academic Group Participation 1 hour

Stage I Training Review

Topics:

Guided group discussion of learning objectives covered in
Stage I

Trainee tendencies observed by instructor in Stage I training
Brief overview of Stage II training
Guidance for self learning practice and reading activities for

skill reinforcement between stages I and II (encourage LSORD

practice, FCLP and CQ observation and review of reference
materials)

SYLLABUS EVENTS, STAGE II:

II-i Acacemic Group Participation 45 minutes

Stage II Training Introduction

Brief review of Stage I

Learning goal and objectives of Stage Ii; LSO instructional role
Sequence of syllabus events
General conduct of events
Potential variances in sequence
Reference materials

11-2 Academic Group Participation 45 minutes

Conducting FCLP

Topics:

FCLP pattern and procedures
FCLP equipment setup and utilization
FCLP safety

Review of debriefing techniques

11-3 LSORD 2-3 Trainees 1 -2 hours

LSORD Review

Trainee wave, grade and debrief approaches

LSORD Features:

Crosshairs
Rerun
Foul decK light
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SYLLABUS EVENTS, STAGE II: (continued)

11-4 FCLP Group Participation

FCLP Setup and Practice

Trainee introduced to equipment setup; wave and grade some
approaches

11-5 Academic Group Participation 45 minutes

Critical Pilot Errors

Topics:

Describe critical pilot errors and trends
Typical FCLP error tendencies to watch for
Review accident summaries representative of critical pilot

errors

11-6 LSORD 2-3 Trainees 1 -2 hours

Critical Pilot Errors

Trainee shown critical pilot errors; trainee wave, grade,
debrief

LSORD Features:

Rerun
Foul deck light
"SCORE" display

11-7 FCLP Group Participation

FCLP Practice

Trainee wave and grade approaches; trainee debrief one pilot

!I-8 Academic Group Participation 30 minutes

Pilot Diagnostics

TCpIcs:

Analysis of pilot errors in FCLP
Diagnostic calls to pilot in FCLP
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SYLLABUS EVENTS, STAGE II: (continued)

11-9 LSORD 2-3 Trainees 1 -2 hours

Pilot Diagnostics

Trainee wave/grade and provide diagnostic calls to NCLT pilot

LSORD Features:

Rerun
Foul deck light

Ii-10 FCLP Group Participation

Pilot Diagnostics

Trainee wave and grade approaches; point out to instructor
when diagnostic calls would be made; debrief pilots

11-11 LSORD 2-3 Trainees 1 -2 hours

Practice

Trainee exercise LSO skills

LSORD Features:

Rerun
FouL deck light

1:-12 FCLP 2-3 Trainees

FCLP Practice

Trainees split waving, grading and debriefing for FCLP session
under supervision of instructor

11-13 Academic Group Participation 45 minutes

Unusual Operating Conditions

Topics:

LSC talkdown
Use of cut lights
Aircraft lighting malfunctions
Ai~rratt malfunctions and emergencies relevant to FCLP
Var-ations in wind conditions
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SYLLABUS EVENTS, STAGE II: (continued)

11-14 LSORD 2-3 Trainees 1 -2 hours

Unusual Operating Conditions

Trainee introduced to LSO talkdown, use of cut lights (Z:PLIP/

NORDO), aircraft lighting malfunctions and unusual wind variance

LSORD Features:

Rerun
Crosshairs
Foul deck light
FLOLS out

Aircraft lighting malfunctions
NORDO
Wind speed/direction variance

11-15 LSORD 2-3 Trainees 1 -2 hours

Practice

2rainee practice, including unusual operating conditions intro-

duced earlier

LSORD Features:

Rerur.
Crosshairs
?oul deck light
?LOLS out
Aircraft lighting malfunctions
NORDO
Wind variation

11-16 Academic Group Participation 30 minutes

MO 0rA S

Topics:

OVLAS operati on
MOVLAS confi ration variations
.:OVLAS waving technique
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S'mLBUS~V2TSSTAGE II: (continued)

hi-' ORZ 2-3 Trainees l. -2 hours

MOVZ---.S

C:r'.ne i.ntroduced to waving with MOVLAS

-:oul ceck t- - -

cocnd t £CL? under LEG supe:'.,Siom

i I - 0.FZ 2-3 Trainees ! -2 hours

- Dract:.ce LSO skills learned

ecK !L.a7ht
W-.c var-ation

FcxGL. out
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SYLLABUS EVENTS, STAGE II: (continued)

1I-21 FCLP 1-2 Trainees

Practice

Trainees conduct FCLP under LSO supervision

11-22 FCLP 2-3 Trainees

MOVLAS

Trainees use MOVLAS for FCLP

11-23 Aboard Ship Group Participation

CQ Observation

Trainees observe CQ operations, perform book writing and observe
debriefing; instructor review correlations between FCLP and
pilot performance in CV operations

11-24 Academics Group Participation 1 hour

Phase II Training Review

Topics:

Guided group discussion of learning objectives covered
Trainee tendencies noted
Overview of subsequent LSO training
Guidance for self learning (LSORD practice, FCLP, CQ observation)

85/86



NAVTRAEQUIPCEN 79-C-0101-2

APPENDIX F

PHASE III LSORD SYLLABUS

Assumptions/Considerations:

Goal of training is for trainee to receive guided instruction and hands
on experience in a simulated training environment with most conditions
required for Wing LSO Qualification.

Syllabus designed for LSOs from all aircraft comunities.

Trainee entry level should include Phase II field qualification and some
LSO exposure to night carrier operations.

Training to be supervised by Air Wing LSOs with support from air wing
team leaders and LSO school personnel.

Class size of 4-6 trainees.

Modular syllabus designed for injection of LSORD training between CV
operations periods prior to and between deployments.

Trainees alternate flying the NCLT during training session; each trainee
spends about 30-35 minutes of each session in the "igloo.*

Syllabus Strategies:

Sequence - Introduction to night CV operations followed by increasingly
complex stages of instruction; five stages:

Stage i - LSORD and Night CV Operations Familiarization
Stage 1.r - Night CV Operations, Introductory Waving
Stage III - Pitching Deck
Stage IV - MOVLAS

Stage V - Unusual Waving Conditions and Situations

Reference Materials:

ISO NATOPS
LSO Guide and Training Plan

LSO Phase I School Guide
CV NATOPS
Ship Air Ops Manual
Air Wing SOP
Accident Summaries

Approach Articles:

"The LSO-Forever an Asset", October 1974
"An LSO's Stand for Safety", February 1975

87



NAVTRAEQUIPCEN 79-C-0101-2

Approach Articles (continued):

"LSOs - An Endangered Species," October 1975
"The In-Close Waveoff," February 1976
"More on In-Close Waveoffs," February 1976
"Waving: You Can't Take It Personall," August 1976
"MOVLAS Techniques for Pilots and LSOs," September 1976

Syllabus Event Summary:

LSORD - 26
Academic - 14

Explanation of Syllabus Topical Elements:

a. Sterile conditions - well defined horizon, steady deck, no aircraft
malfunctions, no ceiling or visibility restrictions, proficient fleet
squadron pilot skill level

b. Pilot variations - moderate to extreme variations of pilot skill in

flying approach and in responsiveness to LSO calls

c. Horizon/plane guard - reductions in horizon definition, eventually to
non-existent, and removal of plane guard destroyer lights

d. Deck status - extreme situations of late clear deck and foul deck
after being clear

e. Wind over deck - moderate to extreme variations in crosswind (right/
left) and intensity (high/low)

f. Weazher (ceiling/visibility) - reductions in ceiling and visibility

to eventually present approaching aircraft break out inside 1/2 mile

g. NORDO - radio failures for LSO or aircraft

h. LSO Talkdown - failure of FLOLS

i. Pitching deck - increasing intensity of pitching deck motion

j. MOVLAS - use of MOVLAS instead of FLOLS

k. aircraft malfunctions/emergencies - hydraulic, instrument, lighting,

flight controls, etc.; malfunctions and emergency situations

88

L .... .... ..... hl-



NAVTRAEQUIPCEN 79-C-0101-2

SYLLABUS EVENTS, STAGE I, LSORD and Night CV Operations Familiarization:

I-1 Academic Group Participation 1 hour

Syllabus Introduction

Topics:

Phase III LSO Training
Stage I Overview
LSORD Description

1-2 LSORD Group Participation 1-1/2 - 2 hours

I SORD Familiarization

Instructor points out features of LSORD; pairs of trainees spend
about 15-20 minutes in igloo observing approaches and LSORD features.

1-3 Academic Group Participation 1 hour

LSO Waving Responsibilities

Topics:

Voice calls, pickle use
Approach parameters
Visual Cues
LSO Decision-making

1-4 LSORD 2-3 Trainees 2 hours

Waving Approaches

Trainee observes and waves approaches under sterile operating
conditions.

1-5 LSORD 2-3 Trainees 2 hours

Waving Approaches

Trainee waves approaches under sterile operating conditions and is
introduced to pitching deck, WOD variations, horizon variations, air-
craft lighting malfunctions, weather variations and pilot skill
extremes.
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SYLLABUS EVENTS, STAGE II, Night CV Operations, Introductory Waving:

II-1 Academic Group Participation 1 hour

Syllabus Introduction

Topics:

Stage II Overview
LSORD Review
Night CV Ops Review

11-2 LSORD 2-3 Trainees 2 hours

LSORD Review and Waving Refresher

Trainee waves approaches under sterile conditions.

11-3 Academic Group Participation 1 hour

Review of LSO Responsibilities, Waving Situations

Topics:

Voice calls, pickle use
Approach parameters
Visual Cues
LSO Decision-Making
Situation variables (pilot, aircraft, deck, weather, horizon, etc.)

11-4 LSORD 2-3 Trainees 2 hours

Waving Approaches

Trainee waves approaches under sterile conditions; demonstration of
some pilot responsiveness variations; trainee practice making late
waveoff to develop feel for waveoff "window."

11-5 Academic Group Participation 1 hour

Carrier Landing Accident Review

Topics:

Accident descriptions
Accident causes
Role of situation variables in accidents
Role of LSO in prevention of accidents reviewed
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SYLLABUS EVENTS, STAGE II (continued):

11-6 LSORD 2-3 Trainees 2 hours

Waving Approaches

Same as 11-4 plus introduction to deck status (clear/foul) situa-
tions.

11-7 LSORD 2-3 Trainees 2 hours

Waving Approaches

Same as 11-4, 11-6 plus introduction to NORDO, LSO Talkdown, reduced
horizon definition, WOD variations.

11-8 Academic Group Participation 1 hour

Grading and Debriefing Pilots

Topics-

Grading carrier passes
Descriptive coumentary for ship operations
Debriefing carrier passes

11-9 LSORD 2-3 Trainees 1 hour

Waving Approaches

Practice waving under all conditions introduced thus far; introduc-

tion to pitching deck conditions.

SYLLABUS EVENTS, STAGE I., Pitching Deck:

111-1 Academic Group Participation 1 hour

Syllabus introduction

Topics:

Stage III Overview
LSORD Review
Night CV Ops Review

111-2 LSORD 2-3 Trainees 1 hour

LSORD Waving Refresher

Trainee waves approaches under the conditions covered in Stage I.
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SYLLABUS EVENTS, STAGE III (continued)

111-3 Academic Group Participation 1 hour

Pitching Deck

Topics:

Deck motion geometry
FLOLS stabilization
Pitching deck waving techniques
Pitching deck related accidents

111-4 LSORD 2-3 Trainees 2 hours

Waving Approaches

Trainee waves approaches under moderate pitching deck conditions with
well-defined horizon; also introduced to LSO talkdown under pitching
deck conditions.

:11-5 LSORD 2-3 Trainees 2 hours

Waving Approaches

Trainee waves approaches under moderate pitching deck conditions with
minimu horizon definition or with just the plane guard destroyer
visible.

111-6 LSORD 2-3 Trainees 2 hours

Waving Approaches

Trainee waves approaches under moderate and heavy pitching deck con-
ditions with minimum horizon definition or with just the plane guard
destroyer visible.

111-7 LSORD 2-3 Trainees 2 hours

Waving Approaches

Trainee waves approaches under moderate pitching deck conditions with
no visible horizon and both with and without p ane guard destroyer
visible.

111-8 LSORD 2-3 Trainees 2 hours

Waving Approaches

Trainee practices waving under pitching deck conditions.
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SYLLABUS EVENTS, STAGE IV, MIVLAS:

IV-I Academic Group Participation 1 hour

Syllabus :ntroduction

Topics:

Stage IV overview
Pitching deck review
MOVLAS equipment

IV-2 LSORD 2-3 Trainees 2 hours

Waving Refresher and MOVLAS Introduction

Trainee gets refresher waving under steady deck and moderate pitching

deck conditions; introduced to waving with MOVLAS under sterile

conditions.

IV-3 Academic Group Participation 1 hour

MOVLAS Utilization

Topics:

MOVLAS manipulation techniques
LSO com to pilot
MOVLAS under pitching deck conditions

IV-4 LSORD 2-3 Trainees 2 hours

Waving Approaches

Trainee waves approaches with MOVLAS under sterile conditions.

IV-5 LSORD 2-3 Trainees 2 hours

Waving Approaches

Trainee waves approaches with MOVLAS under moderate pitching deck

conditions with well-defined horizon then with reduced horizon.

IV-6 LSORD 2-3 Trainees 2 hours

Waving Approaches

Trainee waves approaches with MOVLAS under moderate pitching deck

condi:ions, both with and without horizon and plane guard destroyer
visible.
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SYLLABUS EVENTS, STAGE IV (continued):

IV-7 LSORD 2-3 Trainees 2 hours

Waving Approaches

Trainee practices MOVLAS waving skills.

IV-8 LSORD 2-3 Trainees 2 hours

Waving Approaches

Trainee practices MOVLAS waving skills.

SYLLABUS EVENTS, STAGE V, Unusual Waving Conditions and Situations:

V-i Academic Group Participation 1 hour

Syllabus Introduction

Topics:

Review of prior syllabus coverage
Stage V Overview

V-2 LSORD 2-3 Trainees 2 hours

waving Refresher

Trainee waves approaches under all conditions introduced in prior
stages, including use of MOVLAS.

V-3 Academic Group Participation 1 hour

Unusual Waving Conditions and Situations

Topics:

Aircraft malfunctions and emergencies
NORDO
Ceiling/visibility restrictions
WOD extremes
Ops pressures

V-4 LSORD 2-3 Trainees 2 hours

Waving Approaches

Trainee waves approaches with aircraft malfunctions and emergencies
including NORDO.
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SYLLABUS EVENTS, STAGE V, (continued):

V-5 Academic Group Participation 1 hour

Shipboard Experience Seminar

Guided grolip discussion covering shipboard OJT experiences of
trainees.

V-6 LSORD 2-3 Trainees 2 hours

Waving Approache.s

Trainee waves approaches with reduced ceiling and visibility and
extremes in WOD (crosswinds, high and low velocities).

V-7 Academ.ic Group Participation 1 hour

Accident Review Seminar

Guided review and group discussion of carrier landing accidents and
the role of the LSO in accident prevention.

V-8 LSORD 2-3 Trainees 2 hours

Waving Approaches

Trainee introduced to waving under operational pressure situations
such as low fuel state aircraft, missing wires, barricade recovery,
loss of radios and FLOLS during approach, etc.

V-9 LSORD 2-3 Trainees 2 hours

Waving Approaches

Trainee practices waving approaches under all conditions introduced
in Phase III LSORD training.

V-10 LSORD 2-3 Trainees 2 hours

Waving Approacnez

Practice as in V-9.
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APPENDIX G

LSORD DATA COLLECTION PLAN

The LSC Reverse Display (LSORD) is a newly acquired device which, for
various reasons, has not been utilized very heavily by the LSO community. The
findings and r tcomrendations from the study described in this report are based
on minimal LSORD utilization. In order to confirm and increase the respon-
siveness of thb+ LSORD to actual LSO training needs.. the results of its use
ahould be revie.wed periodically by the LSO Training Model Manager. To support
the review effort, data must be collected which reflects trainee an& instruc-
tor opinions o- the device, trainee learning progress, transfer of training to
actual job perform&nce and device operability deficiencies. Subsequent .ara-
graphs describe a plan for collection and review of LSORD utilization data.

Since the LSO Training Model Manager is now located at UAS Cecil Field,
the procedures in this plan are designed for LSORD utilization at NAS Cecil
Field. The procedures could also apply at the NAS Lemoore site if an ;,ndi-
vidual or organization were designated to support the effort.

The general concept of this plan is to provide the LSO Training Model
Manager wit-t information concerning LSO trainee performance in the LSCRD and
aboard ship, as well as data concerning LSORD features and utilization. The
LSO Training Model Manager would periodically review the informatior. and would
possess a data base for ;nalyses of LSORD training and operating effective-
ness.

It is rec-ommended there be three tools for data collection. The fL-st
would be a journa. located at the LSORD instructor consoler This journal is
where LSORD session instructors and trainees would document operating di-crep-
ancies and recommendations for LSORD feature and utilizatlon fincluding syl-
labus) improvement. The second would be a grade sheet fo documentina trainee
performance in LSO.D sessions. The third would be a progress report fro the
Air Wing LSO concerning trainee performance aboard ship. Reports from the
fleet should be submitted on all trainees, not just those exposed to the
LSORD. Each of these is described in more detail below.

Every tixe the LSORD is used for trainee inszruction or LSO refresher
training, some constructive commentary should be recorded in the _SORD utlli-
zation Journal. Instructor LSOs and trainees should document several ty.>es of
commentaries in the journal:

a. Operan ility discrepancies, such a. control and indicator failures,
poor visual simulation performance, communicatior-s problems, program
"crashes", NCLT problems, etc.

b. AdecLi.cy of features to enable effective instructicnal interactiorn
between LSO and tzainee.

c. Adeq' acy .f syllabus lessons and guidancc to support effect ve
learning.
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d. Recommendations for specific changes to the device which would
improve training effectiveness.

e. Recommendations for specific changes to the syllabus which would
improve training effectiveness.

f. Particularly successful instructor techniques and strategies which
others may find beneficial in conducting LSORD training sessions.

The LSO Training Model Manager or his representative should review the
journal at least monthly, or after each period of heavy LSORD utilization.
Journal entries will enable the LSO Training Model Manager to initiate or
coordinate actions to resolve discrepancies or modify utilization guidelines.

A suggested trainee grade sheet .. r LSORD sessions is depiczed in Figure
G-1. This form has been designed not only to document the quality of trainee
performance ut also to track the trainee's experience with various waving
situations. The form is designed to minimize instructor workload in its com-
pletion. If a specific syllabus event was being followed this should be iden-
tified. Otherwise, the evaluator should provide a brief description of the
purpose of the session. Evaluation ratings should be based on how well the
trainee performed relative to his experience level. The evaluator is free to
rate trainee performance in areas other than those noted on the form, Ampli-
fying comments on trainee performance quality are encouraged. The evaluator
should only note waving conditions experienced by the trainee which were a
significant aspect of the training sessions. Evaluators should receive guid-
ance from the LSO Training Model concerning the completion of this form.

A suggested traineee ?rogress report for performance aboard ship is
depicted in Figure C-2. The content is similar to that of the LSORD grading
sheet in that trainee performance quality and waving conditions experienced
are recorded. As mentioned earlier, this report should be submitted by the
Air Wing LSO or. eac of his trainees, even those not exposed to the LSORD.
This. is to allow comparisons between those who experienced the LSORD in their
training and those who did not, or who had minimal exposure. Guidance for
evaluation is the same as that in the LSORD grading sheet. in accounting for
waving conditions experienced, this form requests a differentia.tion betwe-cn
observation and control. The evaluator is also asked to provide
recommendations concerning the LSORD based on experience working with% trainees
aboard ship. Frequency of report submission should coincide with t-hat of LSO
reports specifiad in LSO NATOPS: prior to extended deployment, mid-point of an
extended deployment and conclusion of an extended deployment. The LSO

Training Model Manager should receive & copy of the LSO NATOPS report along
with the report recommended in this plan.
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Trainee Unit

Date

No. of Prior LSORD Sessions

Syllabus Event or Session Purpose

Evaluation (I - poor, 5 - outstanding):

1 2 3 45

Overall performance
Recognition of deviations
Correctness and timeliness of calls
Pass recall
Grading
Other (specify)___ _

Comments, as desired, to amplify ratings:

Significant conditions experienced by trainee:

LSO Talkdown Aircraft malfunctions/
emergencies

Pitching Deck Other (specify)

MOVLAS Other (specify)

Evaluator Unit

Figure G-1. LORD Grade Sheet
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Trainee Unit

Period covered:

Approaches: observed - day, - night
controlled - day, - night

Evaluation (1 - poor, 5 - outstanding):

1 2 3 4 5 N/A

Overall performance_ _____
Recognition of deviations
Correctness and timeliness of calls
Pass recall
Grading_ _ _ _ _ _ _ _ __
Debriefing pilots _

Other (specify)____

Comments, as desired, to amplify ratings:

Significant conditions experienced by trainee:

(OBS) (CONTR) (OBS) (CONTR)

LSO Talkdown Aircraft malfunctions/
emergencies

Pitching Deck - -- Barricade

MOVLAS Other (specify)

Recommendations concerning LSORD features or use:_

If this is trainee's first reporting period controlling aircraft,
give number of approaches observed during this period prior to
"getting the pickle": - day, - night

Evaluator Unit

Figure G-2.* Trainee OJT Progress Report
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